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(Brigtnnl |lrtiL’lefi 


SO-MK ('l)MM(tX IXDfAX BIRDS. 

X<j. :I5. TIIK (JliKKX BAItMBT (TIIEREK^EKY X /.EYLA.MCUEj. 

I!V 

T. HAIMiliKiCK I’l.KTciH'K. K.L.S.. K-KS. I’.Z.s,, 

/ifijM’rifd : 

s f) 

C. M. IS(1\A>. M.HmA'.. I'.K.S.. K./.S, 

ri]iiiiiiiiii (■iiiiuL'Ii wliciv if the Gri'en Barbet 

is lint loiind in till' li'ss uiiiiiii'.l nil'll' Ilf till' I'ouiitry. .siieh as the 
I’liiiiali nml ^iini, l’nj|iiiriiii,i .I'nl tin' iiim'i' iipi'ii parts of the Deccan 
and ('nriiiilii'’. In nri'ii' ivhi're it dm's iin iii', linncver. it is .sufficiently 
a I'liiiiiiioii liiid III iiii'i'lt iiirlii'iim in nnr list, ('specially as its call is 
priilialilv inure familiar than it' pt'i'utial appearance. It is a 
thic'k-.si't bird, almni ,i' lariti' a' a iiivnali. wifli a thick, heavy bill, 
in ciiloiir III a briyiit li'al-i;ri'en with a briuvnisli head and a bare 
bt'iiuii ]),itrh arniiiid the eve: but, as it ilwavs keeps near the 
tree-tups, it is less nfteii seen than heard. Sinnetinies it may be 
.seen mi the wiinx. when its tliyht is sti'i'iie hut rather iieaiy and 
undulating:. Its call is Imnl and luiiii'.'fmimis. but by no means 
harsh or dtsi'iirdaiit. and is iisuallv written tiir-f-r-r. kutur, kutur, 
kulHr. the call beiny indicated in the \arions vernacular names, 
.such as /inbm (1 lindiistani). KntHi'ijn (Maliratti). Kotorumi (Sinhalese) 
and Kutur (Tamil). The call often sounds much like the word 
/'(/dT(W. repeati'd several times. 

Like most other bird.', however, tlii.s Barbet w not I'Oiitiiiert to 
the u.se of a single note. In this connection Stuart Baker, in his 
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“ Rink of Xorth (‘aoluir. ’’ writinsj atniiil a very siinilac ami I’losclv 
allied bind, the Assam Ijiiieated Rarbet {Tlirn’iori/.r lliicdhi.'it 
//of/i/si);/;') makes the I'ollowiiii; infeivsiinii n-niavks: " I Iia\'e lnMid 
this bird libelled as beiiit! a bird ul one note ; now aii\’ mie wlin 
has listened to it miijnllij iniist adiiiil that it has mane. Whilst 
teedine, it has a hnye vaiiele of .sounds at its dis|iosal. When 
pleased, it utters a .sort ol hoarse ' eliortle ; but. to make this 
sound, it seems to be neiessare to b<‘ mi the iiio\e. lor it abvavs 
utters it when hoppine Ironi one liraneh lo another, or else it oives 
a little jerk into the air at the .s.-mie time that it opens its month 
to L'ive vent to ps leeline>. I iisplisisnii'. whieli seems to be eaiised 
eliielle b\- seeiii” otiiei binls leodmu uiih ii, i> rxpressi'd hv a 
r'dieilloUsl\' leeble little smiod lil^. • pian ll. |:eni h.' the feebhuiess 
beine made up lor. to sonie .'Ment. lo m,' bird’s b-riMioiis attitude 
a.s he rldvanees, willi droiipiiiu w;i| 0 ' and iiioiith 'Auh' open, lowards 
the objeet 111 ills dlsple.i'illc, lie- loos' iiiiu-iial noti' is otie it 
makes use ol only in tii.' .,,!d \\eatia-l. at uhleh time these birds 
.sOinetilllOs I'olle, t 111 'III, ill lloi-k', alul Oillv III the Inolllilies and 
e\(lllUgS; set'imiiult tor tiir plllpose ot lolhstllur an\ seatiered 
indit'iduals. It eo;,sis!„ ,,1 o|n,tle. .1 most wild and 

peuetiating sound, bui ,11 iin- '.am.' timo r.iiher musieal than 
otherwise. It is an abiioiinai 'oii ol .o,ui,d lor a b.rbet i,. l-iw 


uttereliee to and ha.! I iiol |ol|ou.d up and shot some oi the,',, 
birds whilst aetually wimtlum tmo. I 'i;o„!,l never hav iman,ne.| 
what laid made the s,„„„iy •ly,, oaiietmu-' 

be hemd .■.diing at mum. .-speoiallv o,, moonlit inuhis. 

Like other Indian R.Tl.oi'. this bmi Inaw .hietly m, Iruit. 

Llie late Mr. V,, .Mason . maned liie stom.i, |m iiite.m iaids 
at Musa and [mind hotmiiy but wiM |,o |,„im m i!„.m. It is vei v 
loud of LuWmm berries and helps to distribute tl,.. seeik of tlds 
noxious weed. Ijus bir.l, |„,wev,-r, jia,' a eiui.ais iiabil o) pullme 
eS bits of bark liom tie.-s, .■sp.., ially f,oi„ dead bi.ineh.-s, as il 
ieareJiing for mseet.s, and iJhinlord .states |i, at it is .sai.l oeeasioiiallv, 
tauugii rarely, to eat inseets. i„o.,|s, however, evi.lenlly loiiii’.i 

‘ } nu pait of it.s diet and Ironi an eeoiionin- point of view this 
bird euuiiot be eluiined as useful. 
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I’laijfonl staff's that tlic fliaraftcrisl ic “fall is lioaH from 
.lamiarv or I’fhniarv fill .Tiiiif.” ami Ih-uar alsfi savs tliat tliis is 
lifard “(liiriiif; the latter jiait o! tlje fohl weather iiiid the earlv 
part of the hot weatlier/' W here the hiifl is ef'imeoii. hfjwever. the 
rail mae he heard thronL'hout llm year. althoi!i;1i iiaae persi'tentlv 
during the lirst half of tlie \-ear. I write these lines (8th 

Xot eiiiher) a (.'ref'ii Ilarhel is ealliiis' at intervals in a nearbv tree. 

Xf'.stin*' takes jilaee in a hole in a soft-wooiled ttee, irsuallv 
in a dead hrain h o; main steni. exc avatefl hy the bird itself, for 
\fhieh purpose its )a'a\\' hill .'eenis well ail.ipfe'l. 

The nest-hole is rather .'iMall. ab'int live indies in diaiiietcr, 
and tile pa.'S.iei- e-.idine into it is aboiii sjx inelif' lotwoleet long, 
aboil! lull and a half ilielie- in d.Mieeiri’. alid vel\' .-)) a.iOtlily 
rounded oli iloide and berelled off at the entraliei'. wllieh is 
often situalei! Oh the ll'idelside o| a i.irail'-ii aiid wliieli in any 
ease is al\'a\ s -o phe ed ih ii ii docs not fai e upwards. Thus 

aN’oidilig fl line i.f ilie iifsi-hoie hv lain. I'he nest is iisually 

plaeeil tairl\' liigh up in a tier, tuenty toet or more above tlie 
eioiind. hut iiiav oi ea'loiiidlv he follnd h'Wel ‘.loU !i. Xo regular 
lies! Is eonst nietoil. tlf euo's heiiiL' plaeed on a. leu' dii])s ol wootl 
in the nest-hole. 

In liiliai the ne'liwa season i- eh'eth' in .Maieh .ind .\j)ri!, bur 
liirt lu'i Xoit 1 1 egus in.it' be I oil lid in .M.iy oi e\ ,.|| 1,1 Juno , 1 Ji,' eggs, 
whii'h are dull whi'e, aiel slielitiv el,is,>y. ineasine about .'to by 
'22 mill., and three m tolir eees .lle il'Ually hud. 

The (Irei II llaiboi i- iiou diride't into throe subspocie.s. tlie 
typiea! lorin (7 . a i//f/ei('e.s o //tu/oet/.s) being lound in ( ey.oti and 
Soiiili Tia\ anieore. the lour louiid alone the West roast of India 
li'oiii Xorfli ’i'ra\ a neoi't* 1" !*ondaa\' bellig./.c. oee'ea/es. aiul tliat 
liHiiid III Xoithern Jndia. tioiii tin' extienie West to Westein Bengal, 
being z. conic, /is. It is ibis last subs]ieeios whii.h is lepiesented 
in our Blate, 
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Next in inipoitaiu e to nitrogen, as a >01 iimstitnent inji.iiiug 
renewal, cume.s phosphorus, the supply oi whirl: mi laniieii lands 
has been a source of anxietv to the niltiv.itoi ever siiir.- it w:is 
discovered to be a neces.sity fur the gn.uine nup. Nitmi-eii eiin he 
transferred to the soil fnun the inexliaiistihle siijiply in the air by 
screen manuring and the use of lei'iiiiiiiious nops. Init no >iirii natiiial 
means of renewing the soil sipiplv o[ jilio^plioriis exists and for this 
reason the question of its pre-mn' in adeioiate ipiaiitiiv is an 
acute one for the farmer. Altlioiieh plnojihatK' inaniires were used 
in very earlv times ir was not until de Saiissuie dis'-overed their 
fertilizing action to ilepend iii'on their eonieiii ol phosphorus that 
any attention was jj;dd to the (|iie'tion o! il.e artnal uiil.z.itioii 
of this constituent, and partiiularly to ih.e reasons unileilving the 
comparatively slow action of sneh phos|ihati( inaniires as were then 
available. 

Bones were used very (viily as feiiilizers but the slowness o! 
their action was alwa vs reengnized. llielirst step l,d;en to rediiic this 
disability was the use of grinding niaehiiiery by .\nderson of Liindee 
in 1829 ; there is also evidence oi the e.rly ii.se o| teiinentation 
with organic matter m the forin of coiiiposts. 'I hat the lertiliz.iim 
action of such maiuiies was due to plinsphoriis was not known until 
the time of de iSaussure, and was emjiliasi/.ed hy Idehig when stating 
ids law of the iiiiniiniim. It was Liehig in Lstii who siiggesteil 
the use of .siilpliiiric acid ns a means of liasteiiitig tlie fertilizing 
action of bones and tlii.s was taken up by laiwes and extended to 
include mineral phosphates, especially coprolite.s. 'Idiis was the 

( 1 ) 
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oripn of flio siiporpliospliati' iialiisfrv wliioli now supplies iivailahle 
phosphates to crops all over the world. 

('onsi<leratioii of tlie ecoiKnnic aspects of the use of sulphuric 
acid for soluhilizini; jihosphates led to rec()trtiitio)i of the fact that as 
superphosphate only contains ahont half the quantitv of phosphoric 
arid which is jireseiit in the rock jdiosphatc from whicli it is made, 
this available |)hi)S])hate is not only mfjic cij.stiv than the micinal 
inert form, hut tr:iiisportiitioii charL'cs ;irc correspondiiiplv yreatei'. 
( 'oMsecpientl)' much c.\pi'iimcnt<d work Ims hecn cai'i'ied out to 
di^iAcr the possibility o| miikintr succes'fid use of the oiioinal 
rock phosphate biiJiij'ht its nciirly as possible into iin iivailalle 
loiiditioii li\' liiii' erii'.liuy. It is now laiilv w(-ll known m;iler 
what I'oiiditioiis such liiiely eiound leal ihemically untreated 
phosphati's iiaiy be UM-d with sucecss, and it iiaiv be of interest to 
stiite here the (-oia lusions ;iiiivcd ;it in yi-neral tern;'^. 

(1) The value of croimd phosplnite i> strictly rletermined 
hy the litteiiess of tla' <;i indinir, 

(•2) No 000(1 results ciin be expected it: sdils detieicnt ill 
oriiiinic itaiUer. bill in those eoiitaining a liigh 
peiceiitaoe of humus, tinely ground lock ph(,is]ih;il(.‘ 
11 , av uit" as goo(i results as etiui\alent aiiKiiiiits of 
sUperphosjiliate. 

Ci) III highly ealiaieoiis .'oib unless tie' 'Upplv of organic 
II, .liter is iiaiinlidi.ed .ti ,i high level, no good lesulTs 
laii I'e expecled with, lock |ihoephate. It lea}' be 
iiicnt ioiied licie tliat. so b,i as the higlil} (idcaivous 
soils of North llihal are tol.eeined. this IVstrictiol! also 
ajiplies to siiperphos|i!!ale as lias been shown by many 
e.\|'erm,cul' at I'us:'.. 

.\ rei ( III method ol att.ii king this prohh'in innsists in carrving 
till' n.eclianiiai subdivision of the mineral phospliate to a mneii 
fuither deuiee o* tlneness bv s])i'i iai grmdnie machinery. lesultiiig 
111 reduction of the p.ii tales to the eolioidal state. 1 lie relative 
economic eliicieinics of this n,elliod and ol the chemical one will 
evldontlv depend wrv largely u|,on tin' lost ol the luechanical 
disinlegrat ton, but it i.s probable that this latter method may have a 
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special value for low sirade ]iliospliatic minerals whose content of 
iron or other impurities rentiers them unsuittihle tor tlie ])rotlnction 
of superphosphate. 

MauA’ experiments !ia\e Iteen made with ti view to incretismt; 
the aA'ailabilitv of rock jdiosphates Uy wh;it may |>eiinips he styled 
natural means, such as hv contact witii fermenting oiyMnic nuiltei'. 
In such empirical experiments nitiny sid>sttinces luive hccii made 
use of, iueluiliny peat aut! fiirmytiirl iimnnre : hihuratory work 
introdueing extimination of the action o! laicterm m sucli nii.xturcs 
has been carried out hv nni'.terous invesi'Liators ; tilthongli |)iisitiee 
results sltowino solvent action wiu" stunetinies recoided the geuvral 
conclusions anivi'd cit \M*'e untavi.iuiihle ti^ the 'Uppesition that the 
fertilizing actioi! or, tit tiiiv itite, tie- suhiliility df luck plidsphates 
could he increased lit tin\' seriiais axtiait hv this inelhod. ^ ki the 
other hand it i> ito'sihlf to 'iinw. ti- h.i' la'im ibrni' in i!ie v.iit'a's 
laboratory tit Pti'ii. iiMae,i>i‘d )• iiih/anu i.lh-t' on urouing eii'iis, 
ajrptirently due to p.a’iiti! soliihiliztttion oj niini'iul phosphtitos by 
the fermentative ai-tion of htai'ai.i. in eoiv.)>t‘st' xith 'Ui-li oi'gtinii 
materials as oiletike tiinl 'jieen niannio', 

A great step in iidviinic wti> nanh- wiam the oxubitioii o| 
snlpluii; and !iii'nitil!i>ii of >nlplii'.iii to id l.\ iiaitiin i l.t'.'i'.' ol 'oil 
bacteria w.as shown bv Lipnatit iti l!i|.') t<i I !■ n| piiictu id inijioitam e 
as applied to the pioblimi of .'ol.ihiliziiiion (,i mmertil phosiilnitis. 
It is interesting to note tlitil tie suia' ideti Wa.- intiile ll-e ^\|b}la t 
of a patent ly i’ankniii in Jn 77 nln! lah i l,\ < !iL-Ii<'Iiii In 
but tlie tailun' of eitlier o! the.se to >e<aiii' |iit eiietil iia ognttioii was 
evidently dtie to their ignoraiiee ot the bioloen td l.nior niMiKcd 
and ('onsetpicntly ol the i'>se''titd condition,' nl■l■l■,'sa!\■ for '110(0-.'. 
LipiUiUl, McLcalli, I\ak'niiili. iuul olhei' lia'e placeil tin.' niatlei 
0)1 a sound practical basi.'. and work at I'u'a ibiring the pa't 
three yeiirs has deinonstiatecl the po'Sihilitv ol making use ot the 
method in Indiii. It lias heen shown ;it Pii'ii lh.it (he addition ol 
sulphur to a eianpo't (luitaming indigi non.; ininera! pho'pliates 
re.sults in ytartial solubilization ot the latter a.s u reMiilt of the 
OX’idation of tlie sHlplinr h\ ,'oil hai-fina. and that sueli i'om|iosts 
exorcise a fertilizing action on growing I'rops, It has hccii tiirthcr 
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sliowii that siu li solubilization of phosphates is greatly ineieased 
hv the use of cultures of .sulphur oxidizing haeteri.i, i.soluted in 
tlic first place from such eoinpo.sts, as much as 88 per cent, of tlie 
insoluble mimual phirsphate being rendereil avaihilih- in ten weeks. 
The results of a tvjjical e.xpiuiment aregi\eiiin Table, s J and If. 
Further e.xperimeids are in piogre.-.s to determine fi.a; (iptimum 
coilditiulis rc(piired for this proee.ss, and the rclaticc (juatUities of 
sulithur and rock plmsphate invidced. With regard to this last 
point it must be remembered that theue is a dehmte (juantitative 
ratio between the amount o| rock pho>phate to be .solubilized and 
that of the sulphur reipiiri'd tor this purpose, the .icfiotis iiu’olved 
being purelv chemic-.d although ri'siiltiiig frmi. biidoojral n.i'tabohsm ; 
the ])articular reaetiou resultiiig in 'oliibili/atiou of Tiioaleii 
))h()sphate couiur'iK es with tlie foi.Tiatiou o| sidplmiii aciil ai'd 
the amount of tliis. and coiiseopieiit Iv ot constitueiit 'ulpliur. 
terpiirod for coiiiph'iii.n of t.he do.-imtl . .h.o.ao n,.:\' be c.ih iilafed fri'iiii 
the formtil.a ; - 

('asll’d.ti dlbiSO, I dll, (blip., gCaSO,. 

Then :ilu paitsl'V weight o| ire ah ii pliosphate reipiiie parts 
of sulphur lor coll.plete leactiou. gi'. il.ga ratio of one Jial't of sulplmr 
to li\'e parts ol rook pho'pliatc. In actii.il practice vaiicnts 

considerations this nitio, the piinrinal one being tl(e limitation 

of (he o.xidation ol t hi' sidp.hiii t<i son'e 7o-7.'i per ceur. (d t.he a.n'.oimr 
present in the |)eriod ot ti'i e. seme te|i i.. lilt -en '.vis-ks, ei'U'. enienlly 
occupied In llic proci's-., I h'' o'l'. i l'loli "I 'O'ue ploje ifii.u of rhe 
oxidized siilplmi into rond.in.:ii<ai 'eiih otlea sebst.inii's present, 
either as inipnrUles in liie lock phosiiii.it'.' ol II. tlic so'l iiscd for 
dilution of I he compos', must .iKi. In- t.iken iet ■ arroiml. till tiie 
ot her liand the iialini' ol l lie loek phospliiite and its pi obable content 
of other mii:"rals than trlcalrii- p,;o.' niia.te ihenx'ices uiiaeted upon 
bv the oxidized sulphur, mil rcilucc the .imoim.i oi s,il]ilmr icouired. 
MeLean in .\nieri( a Ini' lonnd a r.itio ot I'iu p.nts ot sulphur to 
■tut) |)ar(.s |)hos|)halc satislac loi v m ineseuce of 'J.iiiili parts ol sail, 
and this .siilphur-phospliale ratio has also lieen lound. s itlstactoiy 
at I’lisa. W'dh reference to the propoition ot .soilandtiie neeessity 
of using thi.s latter as an ingredient of siieh cumjiosts, tliorc is at 
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present considerable difference of opininu and ('\pericnce ; it is 
obvious that the handling of large quantities of soil will necessarily 
increase the cost of this method, but there are hopefid indications 
that the proportion of tliis ingredient may be considerably reduced 
and in fact that it may possibly be eliminated altogether. 

This question is under experiment at I’li.sa at present, but it is 
clear that the character of the soil it.self must plav an inqautant 
part in deciding it; in many instances this faetor will cari'v 
verv considerable weight, as for example in the laise of most of 
the tea soils of .\s,sam whose deficiency in lime will olTer speciallv 
favourable conditions for the solubilization of the loch |)iiosphate ; 
this process will further be lacilitatcd in the.se soils, where aeration, 
an essential condition lor sucee.ss. is readih' sci incd and abcadv 
arranged for in the roiitiiie of gaiden cultivation. 

In whatever manner soluble )ihosphate is juiiduicd from 
mineral or otlier insoluble' phosphate', on int roiluct ion <if the 
resulting soluble product into tin' soil, reversion to ihc insoluble 
form will take jilace at a rate varvine wit'i the amoimts of vai’ioiis 
substances, such as lune, present m the 'oil itself. \s the plant can 
only take iq) its requi.'ite supply of pho'ph.itic and other mitrimeni 
at a pace which is limited bv its i.ite of Growth ,ind assimilative 
capacity, the iilfimate fate of the s,,lnble phosphate appliisl as 
manure to the .soil will depend upon two opjiosing fai tors. tin' rate 
of assimilation by the plant and tia- rale ol reversion in tiie soil. To 
these two may be added a third, nainelv, tlic .ib.sorptioii of phosphate 
by micro-orgaiiisms in the sod. wliieh. alihme.di it is ]irol)alilv ol 
considerable importanee. may be hit out of eonshhuaiion fm the 
present as not affeetiiig tbe 'pie'tion at i."iie to ih.e same extent as 
cbeniical reversion. Now the nsi’ ol a pidpcrlv constituted i oniposi 
coiitaiiiing mineral phosphates with the (bie proportion ot suipliiir, 
and inoculated with the appropriate snljdiur oxidi/.nie barteria, 
would tend tii overectine this dilhenllv bv providing a eontinnoiis, 
dltllOUgli small, supjilv ol soluble |>liospn;ite. as the o.\idl/ing action 
would continue in the .soil receiving the mixture provided adeipiate 
aeration and moisture wen- .'eeured. Althoiiuli it vvoidd, of course, 
be impracticable to make any accurate measure wlii< li would 
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allow of exact adjustmcnf of the twti rates of soliibilizatioH ami 
assiniilatioH, iicvert lieless it is obvious that such a method 
making use of the natural suijihur oxidizing p<iwer of soil orginiisins 
would be preferable to that of merely obtaiiung srduble phosnhates 
by tliis means, and applying tie' product, as .‘^u])erphosphate is 
ap))!ied, in one do.se with the iupxdtable residt of loss bv reversion. 
Here we have a parallel lo the case of nitrogen supplied as nitrate 
cif soda, much of whi( h is lost to the crop in Indian soils partly as a 
result of'leaehing by rain and partly by reduction and assimilation 
by bacteria. The inamiiia! value of oilcake as a source of 
nitrogen is well known to be high in this countr\’ and the writer 
demonsti'ated many vears ago the notable adwintages of the 
divided dose in applying cake in the cult iwition of tea. this adv antage 
I'l'ing iindoubtedlx due to the continuous suiiplv of nitrate secuied 
to the grow ing crop by the int riticaiioii of the cake, and tlie extension 
oi the period ot this supply and t.he avoidaiiee of h>,ss In' use of tlie 
method of the divided dose. 

In place, theieloii', <i| inakiie.' use o| a fiilb' matured (a.iiupost, 
i.i'.. one ill which o.xidaiioii o| tla' sulphur and with it soluhilization 
of a coriespoiiding proportiou ni the mineral pho.sphate had been 
(■allied to a conrliisioii. such a comjiost might wirh advantage be 
applied to the soil reoiiiiiiig phosph.ite iiiaiiuring at an eiirliei' 
stage ol matiiiit v. so as to .mm ui'e the eoutiiiiied and gradual sii]ipl\- 
ol soluble and avaihdde phospliale the advantages of which ha\'e 
been indieated above. Selei lion ol the jiartieiilar stage of inaturit\' 
most suitable lor Use with \aiMiiL' ciopsalid .soils wimld he a matter 
lor expeiieiid' and I'.xnei inient i,i deteiniine. but there can he 
ho doubt that this mclhod would iii main ease.s ju'eseut advantages 
o\er direct anpliialioii ol liillv matured coiipiosts, just as the 
bringing into use of mdigeuoiis siiiiplies of jihosphates in this eounti v 
hv making use o[ natiital lenneiitalive jiriK-esses must eonstitute an 
ad\aiitage o\'er the importation ol su]HTphosphate Irom abroad 
or even over that of inaiiulaeture b\- ehoiiiieal pniee,s.ses in India. 

.\s will be sei'ii Iroin the lesidts given in Tables 1 and 11 the use 
of eiiltiires of siilidiiir oxidizing liacteria is iiecesMary to (ibtaiii any 
liigfi degree of solubili/alioii. (hi the other hand it is not os.soiilial 
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to use pure cultures, nor luis this been done by most worker.s on this 
subject, partly because of the dilKculiy of obtaining; them in an 
active condition, but largely because of the etfe<-tivene,s.s of inocula 
nierelv drawn from coioposts in whicli .siilplmr oxidation lias been 
firmly established by suitable treatment. This method is very 
similar to that made use of m connection with nitrification Imtii of 
sewage and in saltpetre production, and tiiere are further resemlilanci's 
between these two natural oxidation processes whieli will be referred 
to again later in this paper. As a practical methoii, thereloiv. 
there is nothin" to prevent its adoption by jiropeily instnuted. 
although otherwise entirelv un.scii'ntificaily framed indi\ nlii.ils. and 
although in the initial stages o[ its adoption and use it might be 
advisable to make ii.se of a certain ineasiire of scientific control, 
involving periiaips the ])r('paration of the composts at centres of 
distribution, later on there should be nothing to pnweiit the 
cultivator from prejtaring his own coniposis, niakin" use of inoeiila 
originallv provided, pivlerahlv bv olliicrs of the .\grienltnral 
Department, hut suhseijiienib.' carried over Iroin one preparation 
to the next in a mainier faniihar t.i the makers of both country 
spirit or rice beer, and of ciinlled milk (i/n/o). 

It is intere.sting to note that the addition of sulphni to sods 
produces fertilizing etl'ccts which may be attributed to actions other 
than that of solubilization of phosiihate. So far. altiiont;h many 
guesses have been made to .ucoinit lor tins residi. wr iia\e no 
accurate knowledge sntiicient to acemint lor it. The incivaseil 
fertilit}’ has been attriknited to partial sterilization, to the production 
of an acid reaction and co!i.s,-i|neiit neat r.dizat ion of exci'ssi\r 
alkalinity, and to mterleieiice with the orowiii ol mniiioii' Iniici. 
parasites and weeds, Ihese latter ciainis have been in.ide for .1 
recent hrench patent which, howerer. makes no rele'eni e, at least 
in the published aceoimt of it, to the .-olnlnlizatioii of piin^phate.-. 
and appears to be no great advaiiei' upon tin' eailier jiateiit.' ol 
1877 and 1901 except in regard to the recognition of the biolooical 
factor. Hxperiments in the writm-'s la hor.it on. m Ihl:.' slioweil \ei\ 
varying effects ol the addition ol sulplmr iij.on I he hactciial i cnitcnl 
and activities m different soils. A selective aition was evident. 
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resulting' in multiplication of certain species with diminution of 
others, but this was evidently attributable to the inodified reai tion 
of the soil due to formation of acid, nor was it possible witli the 
data obtained to draw any valid conclusion.s as tf> the causes of 
increased lertdity from the observ(‘d effect of added sulphur uyjou 
tlu' bacterial |)roc(>sses u.sually a.ss<ieiated with this cotidition. The 
strikinj; results of the a<ldition of sulphur to the soil of .\ssarn tea 
gardens in the ridatively small i|nantities provideil bv the operation 
of sulpliurine the bushes aL'ainst " jed spider'' .ittarks, was poiriterl 
out to the writer in lOut, and it was furl her ex'ident that the increased 
yrowth of leal in man' cases resultini; from this ojieration cijuld 
hardly bi' due to the reduced aitivitv of the insect attack, as it 
apiieari'd in sit uat mns practicalh' tree from the hitter. In \ ie" of the 
importance ol the action of sulphm bactetia as potential pio'idei.s 
of a'ailable phos|ilia 1 c toim otherwise insoluble niillerals. ;iml 
till' possibh' int rodnet Ion nl I he ii.-,e of tia; " immature " coinjaists 
desciibeil alio'e with t lieir eoiitent o| uiiovidir.ed sulphur, it would 
jirobablv he "'111111 while rarrviML; inve'tiyation of the otiier actions 
of sulyihiii' HI the soil to a liirt iier ,h‘'iiee tliaii has hitherto hcei'i done, 
.iiid such ail eiii|iiii'v may le- reeomiiiended for con>ideiatioii bv soil 
chemist', lovcoloei't', ciiloiiiolovi't'. and bactei loloyists as wortliv 
ol attenlioii. 

.\ii iiiterestliii; p.pallcl exists between tiie acti'ities ol sulpliur 
oxidizine aiiil iiit lifviiiy !>a.teria in 'ojl'. Ifitii me oxidation 
processes leipiiniie adci|ualc aeiatioii and a siillji ieiic\' ot moisture 
iiiid both result in ihe neiilrali/.ation of tin- acid formed bv 
eiiinliiliatloii with a base. In 1 he ease ot the 'iilpiiill baeleiia these 
oreanisiiis are abh‘ to linn lam ni the preseia e o| a hinii eoneeiitiation 
ol Ihe ai al lo. -produi l ol 1 hi ir liietalioii'iii. wiiereas tia' aeti.itv ol 
the inirai" foniieis is slrleilv limiteil by an' 'la !i an iinuihitioii and 
reijiiii'es I lie presmii'e ol a ii.is.'. siieli as itiiie. lo a' oid niterh'ieiiee 
with ihe pi'ores'. ( l:i ihe ol her iiaiid both cla'ses ol omaiiisins are 
sensitive to Ihe iiiliibiioiv .iciioii of excess nl oreiiiie matter, the 
presence and eharai ler oi uliieh reijiiiies raieliil rcyiilatam 
il .satisfaetoi ' residis .ire lo be obi.iiiiecj. Lonu experieiue has 
taught the practical agrieulturist. as well as the .sewage export. 
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in what manner the prohlein of the nitrification of larce quantities 
of organic matter may be dealt with, and it is probable that, wliere 
the combination of the latter with minerals in a conqio.st is likely 
to be of vatne. cavefid e.cperimental work will discover practicable 
method.s of carrying tlii.s out without prejudice to fin’ o.xidation of 
sulphur and the re.sulting .solubilization of tlie tricalcic pliosphates 
present. The above described parallelism between sniplinr o.xidatiori 
and nitrification suggests a highly desirabh' ;ilternative to the 
former proce.ss as a means ol (ditainmg .soluble phosphates Ironi 
natural mineral sources. In theorv there is no reason whv the 
second process shonld not be substituted for the lirst as a means 
for attaining this end. tin' ti'ic.dcic phosphate sint iiig as tin- base to 
neutralize the nitrons acid resulting from the ml rilicalion of the 
organic matter present. Hopkins has shown that soluble jdiosphatc 
can be got as a result of the nonn.il proci'sses of nitrilication in 
pre.sence of rock phosiiiiate. an<l abhongh at present the practical 
application of tliis method has still to be woikisl out. the ob\ious 
advantage of being able todispense with the necessit\ of spending 
money on sulphui-. indicates tim aih Isabilit v of leseaicii into the 
po.ssibilities of this alternative incuiiod in a eonntiw where climatic 
conditions aie generallv fav ourable to a high rate of nit rilicalion. 
Considerations of spai-e pieclinlc Iniiher tliM ii.-.sion ol tins siilijeet. 
hut it may be said here tiiat work iii the writer's laboi.ilorv has 
demonstrated tlie possihilil v of great! v ineie.i.diig i i.e .leijviiv of 
nitrifying oigaiiisiiis and 'he late of nit riliial ion, hv simple 
liactcriologieal methoils. wiiieii m.iv possihiv he applmil mu eesstiillv 
to the practical elucidation of this mien .ning problem. 

Jn ( ■oiiclnsioii it mav be pointed out lh.it hull it I M 
deposits of iiatiual roi'k piin.-sphiiti's, ."lU'li a.> llHtsro! 1 ih liinfipt'U' 
and Bihar, aiui also an untadinif supplv nl [mhh's. iuMtln'r nl tlicsf 
potential siairces ol pliospiialir plant I'mmI Icnn^ at present utilized 
to any eonsideraWle extent ior maiiunal puijio>e^. tint' vi'astm lor 
this neglect oi siirfi ,sonn'e.< o/ sod ferfiliie is the sif)i[)h* efoinniiie 
one of the eiist oi t fus manure and the relat ions het wi'eii tins anunmt 
and the value fjl the mereased crop oljtained hv such exjienditnre ; 
this ill many eases, if not in most, does not present a halaiiee on the 
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right side when the cost of imported superphosphate is concerned, 
nor in tlie pre.scnt .stage of industrial developiii 'nt of this coiintrv 
is it probable that locally jirodnccd supm-phospliate would improve 
the po.sitioii. The cost of production of .snperpliospliatc in thi.s 
couiitrv' w(jnld be largely infinonced by the ca])ital cost iif the plant 
for production of acid and treatment of the mineral phosphate 
therewith, together with the heavy ovcrliead and ilepreciation 
charges associated with siich enterprises in India, These, rather 
than the cost of raw materials, would probablv determine the 
economic balance of such an undertaking, whereas, bv making use 
of natural fermentative processes .such as that outlined above, 
these heavv additional e.xpeiises are lalgelv eliminated. It is not 
claimed that bv so doing awiilable phosphates can be oblaini'd at a 
negligible cost ; there will still remain the nece.ssitv of pro\'iding 
grinding machinery ami of paying lor the sulphur and the raw 
pliospliatic materials and tlieii h.imlling and transport. It remains 
to discover uhether the elimination ol the maiiiit.n-tiiring eosts of 
suljihuric acid and of superphosphate in India will leihlee the filial 
cost of available phosphate, made by this natural lil'oeess from 
indigenous materials, to siieh a degree as to allow ol the e.xtetision 
of its ii-se bevoiid thi' ii.irrow limits whieli at present eoiitiiie it.s 
applieatinii to a small minority of revenue crops. The object of tlii.s 
pa[)er is to suggest sricli a |io.'siliility and abo to draw attention 
to tlie advisabilitv ol investigation ol the siibjeet by roinpetent and 
interested workers in this country. 
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SOMK ('OHh’l’:i>ATI()XS IX Till-: CriAHArTERS OF 
KAXKHK.I CATTI.K IX THE EOMBAV 
|•I^ESII)EX^V. 


I!Y 

K. .T. liREKN'. 

Dffintif lii nTtiM' ttj n/‘ foi Af'iii'A lit'itflirtf. P r> 'tAf iiC'j . 

In the Hiriiiliiiy I’nviili'tirv. tliori' ;ire lar^o iiuiiilier> ot 
pi'lllcssidll.ll l-attll' IlHM'lliM-: who IlMVC ln'CI) in this wr]rk fn) 

in.iny j;i‘ni'rati(iiis. Like the olil lirt‘i'(lt'rs (it Kiinipoan ( (nintiios 
t lii’sc arc usual I V illitcralc hut at t ho same t inn* viuv i >1 (servant ( d ttoints 
ill their ciittle. I ho \ast anuiunt nl kimwloiloo thus aectimulatod 
lor oi'iioralions has |i(.eii handoil (hiwn not in tlu' lorm rif characters 
"Inch iti-'i.' coiinoctoil with I'ooil i|iialiti(“s, Imt as superstitions 
I'coanlino lui l<v and uiiliu ky niarkinirs. l•'or instance, a cow or 
hull with a '■ toalhor sitiiatoil in a particular .'jiot i.^ sup|)oscd to 
naiko it an oxtreinoly hu kv or nnhickv animal to the owner. 

.\s the I. It tic liicodeis have such snpo!'>titiou.s fancies it is 
dillicidt to distrihute hulls hroil on ( i'o\ ernment farms, no matter 
how well-do\'oliipod thov ma\' ho. it tiuw do mU possess these 
lucky sians or markinas. One to this, uumhers of well arown 
hulls III known and anod pi'diarei' arc oontinuallv heina left on 
these lanns to he eventualh' castrated It is evident, in fact, tliat 
d the cattle ol the eounirv are to In' tti!|u'o\ed. it will he iiecosiary 
lor a loiia lime to come that ilui' t luisideration he aiven to the 
opinions and prejiidiei's o| the hreeders with whom we must 
"ork. 

Ihe .Manaaer ol the Xortlieote (.'attle Farm. L'ldiarodi. 
Mr. M. M. Desai, has eiideavoiired to nirrelate some of these 
lueky sigtis with the itiore reanlar metIuHls of judging or seleeling 
cattle. I ntil our breeders become more familiar witli the pedigree 

( 15 ) 
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system of selecting cows. I believe it is dur duty to set out the 
advantages and disadvantages of a particular ty])e of animal to them 
ill such a manner that thev will, to their own way of thinking anil 
judging, accept what we realize to be really goixl material. It is mv 
conviction that all these lucky or unlucky signs require invesligatiou. 
and that, if this is made, many of them may be found to be closely 
correlated with really useful characters in the stock. 1 therefore giye 
below a few of the signs of the Kankrej cattle ol (iujarat nhieh are 
held in high, repute by the " I’abari " or professional Kankre) lii-eedei-. 
and their correlation with our own obseryalions. 

It is undoubtedly due to strict adluu'eiice to the iii'inciple of 
utilizing as far as possibh' only cattle possessing such markings that 
the Kankrej, or for the matter of that any jnire breed in India, ha' 
been kept up to the standard in uhich we find it to-da\’, 1 may 
here ob.serve that we find i.'"od and pure cattle onK' in those areas 
where there is such a ])ersou as .1 professional hr lei . 

(I) L(‘U(}th oj f(ic‘ . I he jirotessiona I breeder o| Kankre| l attle 
gives preference to a short face, this beino the first part of the 
external anatomy to tie e.x.nnitied in selei timr an animal. No matter 
what other gnoil cpialities it may po>s,.ss. if the f.n e is mu short the 
animal is rejected. Xo llaliari will accept ,1 bull uith a Ioiil.' face to 
head his herd. 1 he profi'ssioual breeder, •lioweyer. cannot oiler 
any explanation as to why lie preleis an .'inimal with a short 
head. 

The connection of the length of lace of a Kankrej cow with the 
age at wliich it matures has been tested in a large number of 1 o\\> 
of the Chharodi herd, I he titue of maturing h.i - been measured 
by the age at which the first lalf was dropped, and the attached 
correlation table between the two characters shows their lehitionshiji. 
Ihc age at ttllich the first calf was drojiped has been chissilied 
to within six months, none tieing dropped under the age of :i.', 
years. 

A study of the figures shows that there is a correlation, though 
only a slight one, between the < liaraeter.s studieil, and thus there is 
a di.stinct likelihood fora long faced animal to be late in maturing. 
Taking unity (I) a.s rcprc.senting absolute connection between the 
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Correlation between leiKjlh of fm and arje of droppiiuj first calf. 
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two I'hai'iictns. tin- i-octliriciil III ml |l•l,l^lo|l woikv iiiil a> ii'lS.'i 
with a |)nilialih' I'l ror ol ± oaiiit. I hi' hiL'Ii piohahlr l■^lll|■ >uyi;t;‘>t' 
that the llUllll/Cl of olisai \-atio|is hn' not hciai .'Iillh iont to lliaka the 
i'on'(‘hit loll a <i“rtalii oiu . .uiil it i' olix ioii,' that thr lllattei iiia'il> 
ful'thi'f 'tiiilf with a lai'ii'f iaiiL!i‘ of aiiiiiials, f am ]nitting 
tho tlgiiri’,' on roronl. howovi'r. lin-au'i' i' 'ilrh a rori'elation ho 
I’stahlislioil ill ailV liroi'il of linliali rattli' tlio loliotli ot faro Woillil 
lioootiio a \ i'r\' im|)ortaMt imliratloii m hiooililii.' in t hi' i ouiit i'\ . 

( 2 ) L Ilf nir. Lono poi'aliiloil' oai' ai'o iiilioh |iloloilril 

111 Katikroj animals hv tho lirroilors of l'|i|iov (lii|aial ami tliis 
woiilil ap|ioar. h\ tho iiioasuroiiioiits inailo on tho ( liliaroiii lionl. 
to havo a oori'ohitioii with tlio loiiotli ot tho hoiK . I ho tondonoy 
vooiihl a jijioai' to ho lor a loiio aai to hi* assooiatoil \\ !t ll a loiio haiTol. 
ami tho hiiioor tho harii'l tho lii'ttm- tho ooiistitutioii. tho luoro iooii 
sf)aoo and hottov dioi'siino powor. I'lio following ooirolation table 
hetweon thoso two oharaotors shows thoir rolationslnp in Do animals 
uf the (.'hharodi honl. 
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Con-ekilioii hiimvn Inuith nf mr mid Inifith of hoihi. 


LkN'^TII I't U*>l»V IN INrurs 


Leiliitli Ilf unr - - 

in iiiolies 1 ; 07 ^71 2 S Til :il :il I :!:! :L". :i;i :!:U 


iino; . . : I I I ■ 1 

11 -111 I '■ ■! I 1 ■■ I " 

lif -121 ~ '■ I - I - 

l:Vl:n ,1 :i - : i ^ :! i! i 

u-u; I : :l ■' 1 1 Jl 

i--n; ,, - ■ I 

iti-ir-i ■■ I .. I 

Ti^tai, J |i; ■> II " I :: 

The meiin length nf llif e;n' in tin' nniin.ili i‘X;iniineil \v;i' 
12'8 inches, iiinl tlie nieaii lenL'lh nf the IkkIa- \vii< :{i) | ini lie.-i. 
Tlie conehitioii in thisr.isc. u liih' >till not \it\' 'tmiiLr. is nliviniish' 
closer iinil mure certain tlnin in the |)reviiiu> rase ilcsriilinl. Here 
again, taking unity (I) a-- rr|iresrniin'i absnliite runnecf inn lietwi'ch 
the two charaeters. the (■nrllirirut nf 1 nrrelatiun winks n-il a^ 
+ O'S’.’T with a pnilialile ciinr 111 s.- irinig, ThmiL'Ii the assm ialinh 
of long oars anil lime ||,„|v is nut Uv anv nie.ins mnstant. \-et then 
is certainly siitlii lent nitrelatiim te ju'tih' the U'e uf lenrtth i>f eai 
as one of the faetnrs in the rhnirr ,,f miile\ ehi|ie(l anilllaN. 

( 3 ) Ikuidp. llie largel anil inure |ieniluliiUs the i|e\\la|i the 
better the H.abari likes the aninial. 1 his |)aitieuhii ilevelii|iinent n 
knowtl as od. I hi’ rows on the N"rtheote t'atlle h'arn!, I liharoili, 
have not been niilkeil m the past. Milkine h.is nnl\' been taken iii 
luind within the last three ve.n-s. ami n.itur.ilK' ,1 nanibei nt 1 ow- 
on the farm give little or no milk. I'he ilewhips of snuie l.'iii eim- 
have been nieasiireil, ami. as will lie ..rrn bv t he lieuri’s eiven, there 
seems to be a greater |)ereentage Ilf animal' with large ilewlaps ii 
the niilking henl than nf those with ,1 smaller l|e^^lap, 

Ihe natural inferomr is that length nl liewlap is i nrrehiteil with 
the milk-yielding capacity the longer the dewlap the greater th. 
milk. 
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rill' tiiiiin'^ all' hv Mil iniMRs l■om■lusivl•. Imt tIipv (■ 1 ‘irainly 
siiSjU'st a (■l•|'tain a>si)ciaTinii nf tlii‘ inilkiii!' cajiacitv witii a Ion" 
ilowla]). It ii nut piissililc' in tlii.- i an' tn "ivf a piccisi' iiicasui'C’ 
of tliis rori'i'laticiii. lull it n'l'tainlv 'ML'"i'>ti luitliPi' obsei’vatiuus 
aloii" tln.'si.’ linos. 
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STUDY OF FIET-I) IM.OT TF<'lIXrQUE. 


liV 

LKSLIK LOHD. lAA. ((txoii ). 

Dt'lliltt/ Du'n'fni' l>J O' . iho'lOO 

I-MMOIUXTIIIN. 

This jiapei is flie ivsiilt ol iiiitian'd at Mandalay 

ill 1921 witli the (ilijoi'T (if dari'rniininL’ lli<’ (■rnir ul liOd trials with 
im 2 at 0 (.l paddv and nf lindiiyir a na>aiis to n>diicc that I’rror, The 
probalile prrni' of small luimlcd pli)t> at Maiidalav had hi'cii loiiiul 
to work out to the hiirh lipiiir of i:i pm cent., so it was sup’siosttHl 
to tho wi‘iti‘ 1 ' * tliat tlic inroi ol louy tiai i'ow plots nolhin a littmU'd 
field should lie detormiiied. liirois .',cic calculatcil h\- the oidinarv 
and 1|\' '■ StUih'llt’s " inorhod.' " Smdtmt's " incthod laraelv 
red'.K es th'' ci i'or and a niodilicat loi. ol tins iiii’thod still tiiolo so. 
As tilt.' i'i'sults olitaiiicd iiiav ho of Intoro't to other workers this 
short ]iapei'. whieh is only intoiideil as a small ( untiilmtion to the 
studv ot field teohnirpie. has heen preparoil. 

I’liKVIiUs WoltK. 

An excellent .■ninniarv ol th" work alroaih’ eairied out on the 
subject rif eiTor in iiehl tiials is l'ivoo h'- Datohohn anil I’oeti- 
(1918). It is ( iinoiis that no nientioii is made ol " .'student s 
inetliod which is eicen as an a]>]ienilL\ to .Mercer and Hall's |)aper^ 
(1911). ParnelD (1919) dealt with the piohlem in .Madras and hy 

♦By Mr. A. Mt-KfiTtl. Olli-intinw {);ii <t..r .if A-jn. 1:11111... ul... .U,. s.io ilir 

niPthod iiso'l ill <-.\p.TiriU'nts t.. .Ii-upin-it*- |.!'»i'. 

’ Mcn-er, \\ . 1 :.. iii'i K (11, 1). 1 lit- il .-i f.i tn i!~. \ui li 

by StU'lont. ' J'/'ir. i'/ri. Sri., IV, J. IDll. 

L. If. Mid H. S. lI.-Mi-.ti ..f Ih.- v.iri:i Miity "f yi.-l.is ,.f initt tnrs 

thp acciiMfy of lifl.i tn;.!s. _\grl. Krj..^ Xll, j,|.. 2 1-'. -Js:!. I'jj.y 

^ \\. 1 ;., nti't A. \). !hi>K 

^Parnell, F. ]\. K-xpriiinHitd irr-.r invinii-fv H 'K ■witii ru-.-. .I7/,. Iwi. XIV. 

pp. 747-757, 1919. 
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using plots 50 fcoty4 feet wus (Miublud to mlucf! tli<; probable eiioi' 
of the dillereiice of cdjacf-nt plots to t'2 per (■(■nt. ; with plots 
50 plants long and 2 plants \vid(' the error of the difference of 
adjaeent jilots was found to be the low lignre of :5’l (per eeiil. f]. 
This paper also gives the eirors of ordinarv field plots ii' India loj 
various crops calculated bv the method of Wood and stratton^ a- 
corrected bv Parnell. Stadler^ ( Iil21) drew attention to the eftect- of 
coinjjetition in cereals mown on small test plots and sliovM'd a method 
of piTA'entmg this. W here new selections or \ arieties are under Trial 
at all eai'h' stage irlitm stu'd is scarce the ipmstion becfinies \'ery 
imjiortant. Ileareif' (in22) was the hist to em]ihasize the \alue of 
" Student s ' inetliod m ledncing the pioba'.ile ‘Mrot of expcriiijciits. 
iind Ills paper is ol e.xtieme mteiesl aial importance m all case- 
wlierc small dillcreiices arc boine examined, lie 'tatc> tiiat rise 
well marked reduction o| the piob.dde error b\ Mudents 
method is larueir' ilile to t lie ti'l that m this i'.,*rtieiihi I licld tjic 
fertilitr' decline.'. alttioULdi hot nnihamly. Iioni cast to west. Al 
.mother station where di\erge|ici"s w.-re more oregiilar in character 
theie migllt be Ic" dllferelici- in the ploh.'ble errors obtained by 
the two iiiethoils. Il appeal' to ita- wiitcr. Imiwi'W)'. t" oc clear 
that the .second luciliod gixcs the piob.il'lc cti'ir ii.ojc irnrroetix 
,ilid It Is niorc ililii'iill to rah iilale.'' Faulkiici^ ( Ui23j has in.idc 

.1 ijUliUlltiil IVC iIlC C'ciiracv ol ".''indent.' methi.Hl 

with t he ordinal V. 


fill: \ .\1.1 K of rill .'i.\ tlsiu .\1. 'ti'IA oE E'tl'Eltl.xlK.'' I .\l. 
ilE'Ci.l'. 


The necessit\- ol .1 .'tatl'ilial mtci pielal loii o| the icsults o! 
held trial' m now wideix ,nT i.ow ledgi d bni im import, mcc lias it. 
Ill, iny eases Ih’cii oxeih okcd. e.g.. lor lac iiio't n.irt i!ic ic>t' o! 
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of duplicate fields quite inadequate to prov'e (within stated limits 
of probability) that the differences observed were systematic and 
not due to genetic or enviromueutal variation.”^ 

Attempts are sometimes made to reduce the error of trials by 
averaging results over a period of yeai-s ; of this, Fisher* (1921) 
at Rothamsted found that “ average wheat yields, even over long 
periods from different fields or for different seasons, cannot approadi 
in accuracy the comparison of plots of the same field in the same 
season.” It has been noticed that in some cases the yield of a 
treated plot in one year has been compared with the mean of the 
control plot over a number of wars which means that the effect 
of the seasonal variation which is e.xerted with full force on the 
treated plot is only partiall)’ exerted on the control. 

fiTATEMENT OE THE RRORLEM. 

Comparatively small differences in yiehl between two varieties 
or owing to different treatments are often of sufficient \'alue to 
cause the new variety to be used or the new treatment to be adopted. 
But where only small differences are obtained it becomes very 
difficult to state mathematically that these dilferetices are .significant 
and therefore if the new variety or treatmeid is really siipeiior. 
The problem is to reduce the probable error to such an' extent that 
even small differences can be shown to be significant. 

Methods. 

Long narrow plots within a bunded field wei-e cho.sen as offering 
the best chance of successfully tackling the problem, lii 1921-22 
the plots were 6'6 feet wide by 122 feet long (area UU181 acre), 
and in 1922-23, owing to a re-arraiigcment of the experiment, the 
plots were 6-6 feet wide ami 174 feet long (area O'Offli acre). In 
the first year the number of plots was 104 and in the second 72. 
Plots adjoining bunds were discarded. Four bunded fields were 
used in both \eais. riie plots were demarcated by a variety of 
paddy (3Io Hnaiw) which, in all stages of its growth, pos.sesses 

‘Jacob, S. .M. Reitl. Ptinjuh Ihpl. of Arjri., 1921-2-2, I’l. r, p. .1. 

* Fisber, R. A. Studies in crop variation, 1. .An examination of the yield of dressed 
grain from Broadbalk. Jour. Agri. Set., XI, pp. 1021. 
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characteristics easily distinguishing it from the pure line Ngascin 
paddy used in the expeiinient. The two photographs (Plate I) 
give a slight idea of this. 

The fact that plots are demarcated by lines of paddy only, 
appears, in the case of paddy, to jireclude the adoption of thi.s 
method for manurial experiments. As well as long narrow pilots, 
single lines of paildy were planted in tlie hope of discovering a 
reliable method of testing selections and varieties in cases where 
only .small amounts of seed are available. In plant breeding work, 
e.g., such a method would enable a breeder to find out and discard 
useless types at least a I'ear sooner and there would be a large 
.saving in the area of land required. In this experiment only one 
strain of paddy was grown, .so no (piestion of competition arises. 
This matter require.s further investigation but the method used 
here (lines 3-3 feet apart and plants 18 inches apart in the lines) 
would seem to preclude the po.s,sibilitv of serious competition. In 

1921- 22 lines were 122 feet long parallel to the water course. There 
were 103 lines and the !ine.s adjacent to bunds were discaided. In 

1922- 23 lines were planted at right angles to the water cour.se and 
were 174 feet long, highly lines were laid down. Owing tci the 
prevalence of. crabs at .Mandalay this part of the expeiiment was 
not successful and it lui.s not been thought worth while to include 
the results in this pajier. In some of the single lines as manv as 
10 per cent, of the plants were cut down by crabs in a single night 
and a nursery had to be maintained in order to rejilace these pilants. 
Further investigation in the light of this exjierieiice and in view 
of the effect of comiietition described by fitadlcr {luc. cit.) i.s 
necessary. 

For the ordinary method of computation the following formula 
was used : — 


/5d2 


and 


Probable error = i (V(i745 n 

Probable error of difl'erence on 2 plots = 0 07 45 n J 2 

In " Student’s ” method the differemes of adjoining plots were 
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calculated and the standard variation of these ditferenoes worked 
out. This figure multiplied by ±0-6745^probiible error of difference 
of 2 plots. For purposes of comparison this figure has been worked 
out as a percentage of the mean yield of all the plots in the particular 
series. 

The third method used in coniputing errors and the method 
which has given the Irest results may be termed “ Student’s ” 
method modified, Instead of getting differetices of adjacent plots, 
one plot was compared with the mean of the two plots on eitliei' 

side. e.g., if the plots are 1, 2, 3, 4, o, (5 2 is compared 

with ; 4 is compared with and .so on. The differences 
so obtained are used in the ordinary " Student’s” method. 

1{E.SL'LT,S. 

The yields of the 1921-22 plots are shown in Plate 11. Two 
facts are illustrated by the graphs 

(1) The yields arc highe.st near the water course and there 

is a more or less regular decrease across the held. 

(2) There is a local increa.se near the l)unds on the far sides 

of the fields. Yields of plots adjacent to bunds were 
not used in the calculation of jnobable. errors. 

The intlueuce of contiguity to the water chajinel on yields of 
plots is probably due to the large amount of silt carried in the 
irrigation water. Most of this .sdt is deposited near the ivater 
cour,se. The errors are gi\’cn below ; - 

1921-22 



Onlinaty method j 

“ iStudeat’tj ’ method 


Per cent. 

Per cent. 

Probable error of Single plut 

± S-2* 


Probable error of difforeiioc uf two ]ilols 

± ii iii 

i; ii'Uo 


In 1922-23 the plots were laid down at right angles to the 
water course in order to discount its effect on yields. The residts 
of these plots are shown in Plate 111 and it will be seen that there 


PLATE II. 






PLATE III, 
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is no fertility slope in the fields. Plots were planted adjacent to 
the bunds but were not weighed and included. 


1922-23 jAots* 



Ordinary | 

method 

“ ^Student’s ” 

“ Student’' ” method 


method 

m‘>difi.e<l 

Probable orrur o£ auigle 

1 

Per oeat. i 

1 

Pof oeat. 

Per cent. 

plot . . . . 

Probable error of differ- 

i o’oH 1 



ence of two plots 

± 7 i 

i: .ViW 

i 4-47 


The re-arrangement of the plots in this yeai' has made a noticeable 
difierence but in both years the probable eiror calculated by 
“ .Student’s ” and the tiKKlified method is considerably smallei'. ,i.s 
is to be e.\peoted, the decrease in the error tbuiid by '* Student's” 
method is much larger when there is a fertility slope in the field. 

The 1922-23 figures were used to compare the errors of the 
indi\'idual fields witli the wliole serie.s. with the following result.s 


Field Nm. 

llrdiuiirv ; 

pnibable error of 
singlo pl"t 

MuiU'iit ?s ’ tuellitnl ; 
pr‘-bitblc error -d 
difference - f '2 

“ .Stnilmjt’s” uietliof-l 
inodiricil ; prubnble 
err-T >4 ilifference 


l.lol. 

of 2 plr't'J 


Per cent. 

P« r cent. 

Per cent. 

1 


i: 

i :j-d2 

•) 

• .h .-u.-. 


1; 4'7o 

•i 

± t"l 

.i; -V:!'* 

i- 4’25 

4 

i: 4-tt2 

o'4o 

± 3'4'J 

.\viTagc 

... ■ 

.. ; fc 

h •*► 01 

4 -nit 

Wh'tle serie-J 

i: 5'5S 

1 


± 4 tT 


(It should be noted tliat the ordinary method only give.s tiie 
probable error of a single plot.) 

The inclusion of four separate liclds in the series has had lirtic 
effect on the results in cither metliod. Four times the probable 
error of the difference of two plots may be taken as being sigmticanl, 
so even with ” Student'.s ’ metiRKi a certain number of replications 
arc necessary to reduce the error of the difference to a workable 

• 'i'ho writer is iudehled t" Mr. W. M. Clark, Deeuty Dim-tor of Agi-icu'.tuie, liiirui.i, lor 
Kiisistanoe iu calcul-iting the icsui 
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figure. Theoretically the probable error of the mean of a number 
of replications is ^ where n equals the number of replications 
but in practice it is found that sy.steinatic replication does not 
reduce the error according to the theoretical calculation. 

Mercer and Hall {loc. cit.) recommend the use of five 
replications ; Roemer^ states that wlien the experiment is repeated on 
more than six plots it does not contribute to any important extent 
to the accuracy of the " einzelbeobachtung ” ; at the Minnesota 
Experimental Station it was shown that variability decreased 
rapidly up to three replications, but only slowly thereafter. With 
“ Student’s ” method the following results were obtained with 
the 1922-23 cields. Probable error of the difference of 2 plots 
= ± o'62 per cent. 


Replicatiotis 

Theoivtktil 

Cilful-itpd 



IVl (.TtU. 

i*(T fClU. 

2 


± 3-i)H 

± -^14 

3 


i 3 2r, 

± 3 S3 

4 


± 

± 301 

5 


± tr,i 

± 3 .>:S 

6 .. 


± 2-2!) 

± 

7 


± 313 

± 3 10 


The theoretical and calculated errors of rcplicaticms were also 
worked out by ’* Student’s ” metluKl modifi,‘'d, with the following 
results. Probable error of 2 plots — • 4'47 per cent. 


Repliuatiimri 

TluNin-tical 


1 ni( uliltoil 



I*cr 


I'lT tout. 

2 


± 3.1.-: 


2 in 

3 


± 3-71 



4 


± 3 :!.-. 


± 2 iU 

5 


± ^ 


-L 2 -.VI 

6 


± l-fll 


+ 1-71 

7 


± 1" 


± 3-.5<l 


Six replications have given the best results in both methods 
and although absolute accuracy cannot be claimed for the calculated 
errors, yet there would appear to l)e good ground for claiming that 
with six replications tin; probable erior of the difference of two 


'Roemer, Th. Ueber die Techiiik dcr FcldvcisLchc. in Fuhlini/'a Ltndw. Zeitung, 
Year 67, 5-6, p. 103. 
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plots Cfin be reduced to 2 per cent, by “ Student’s ” method and 
below that figure by that method modified. 

In all of the abo\’e calculations grain weights of the plots 
have been used. In cases where it is desired by numerous 
replications to still further reduce the probable error a large amount 
of labour is iinolved in threshing individual plots. It had been 
found at .Mandalay that the correlation coefficient between total 
weight and grain weight was 0t)S9 ± 0'02. So the errors of the 
1922-29 plots weie calculaterl on total weights with the following 
results 

Ortlinsiiv im'tli'id (N^habU* "f (litfcaacf "f 2 — i [tervi'iit. 

" .Student's " iiiotli'Kl diltv -- ± „ 

“Student’s mcthud in'H!ifie<l ditto — ± 483 ,, 

The increase in the probable error ovci' that obtained when 
grain weights were used is only slight. 

Hummart. 

(1) rnder irrigatioji the yields of plots parallel to the water 
course tend to increase as the water course is approached. 

(2) The probable error of a series is only slightly aftected by 
plots distributed in more than one bunded field, 

(3) The probable error of a series is materially reduced by 
using “ iStudent’s ’ mctluxl and by '‘Student’s” method modified 
it is still more reduced. 

(4) Six Implications with " Student s method modified will 
reduce the probable error of the difference of two plots to below- 
± 2 per cent. The best method, therefore, of conducting experi- 
ments with long narrow plots witliin a bunded field is as follows ; — 

C.A.C.A.C.A.tJ.A.C.A.C’.A.(.’. where U = the control and 
A — the treated plot. 

(o) The probable error obtaincHl by using total weights is only 
slightly higher than when using grain weights. 


* In working out the cdlciilAliMl rirt>rs, owing the siiirtUor munber of itvoPAges available, 
the formulti (T — was nsvd. 


n \ 



linseed {LIXUM UNITATISSIMUm HIBEIDS. 


BY 

R. J. 1). GRAHAM. D.Sc.. 

formerly Economic Botanist to (luirrnnienl. Central Procinces : 

\sn 

S. ('. ROY. L.Ac., 

Assislanl Botanist. Central Procinces. 

This crop was tiv.st .studied in I9t(i to chicidutc tlic miture of 
ii iiuuiber of aberrant plants occurring in tlie linscciis grown from 
line cultures on the College Kami, Nagpur, the previous history 
■Stating that for l.'f }'cars the crop had been uniform. These rogues 
proved to be hybrids, the result of natural rro,s,s pollination. A 
large nuniber of artilicial <-rosses wen' raised during tlie .succeeding 
four years. A.s the occurrence of natural moss ])ollination of 
linseed lias not previously been note<l in India, and as tlie figures 
collected indicate a simpler genotype for the Central Piovince.s' 
limseed than that described hy Tamiuesi for fla.v, the facts are now 
recorded. 

Lin.seed as grown lor oil m India is a hiishy plant, hranchiiu.' 
copiously from near the base, on asioiiallv reaebimr a height o! 
three feet. In the Central Provinces and Berars .) per cent. ol 
the total cropped area or nearly one iiiillion acres, cfijofly in tin 
Nagpur, Chhati.sgarh and Berar Divisions. ar<' aunualiv sown with 
linseed either as a pure or nii.xed croj). 


^ liiiiiiiiuri. Die i^cnotypisdie ZusiJininciihftzun:^ fijiigHr Vurielateii tmil ihr gcnctisclii i 
ZubrijiinHnlifinB ; . true. bol. weer/., Xll, I)i(* cruons* itiirt' \\ iikiiiiL! L'enutypi.siliri 

J'akturen; Ric. d. bol. Irav. nttrl., AJII, lOHi. Dn ihe uiulual rJIet l «'f ^ciintvpic fjietiHs ; 
Froc. Kon. Af.atl. M cf. , X\ III, lUnctic iiu;»lysiy. w lumtrt *jf c 

and cilleloiiiijrjtliii til Riuuiii Jour. C’lu., XJI, Dns j^eiiiitypiac}!' 

^erbaltuia zwibchc-ii dtni wilciciii L/huui auyu^ttfvlintn mid dcni kultiiticin Liuum ut*HatiAt 
inum ; Genelica, V, 1923. 
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Anthesis and pollination in general conform to that described 
for flax in Holland by TammesA On a wann morning flowering 
starts at 7-30 a.ni.— lialf-an-liour after sunrise- while on a cold 
dull morning it is delayed till 9 a.m.. both the actual time (jf opening 
and the quantity of flowers being dependent on temperatiire and 
humidity. The flowers close by the afternoon and commence to 
drop only the day after opening, occasionally, however, still 
adhering even to the fi'uit. 

The cylindrical stigmas which are ad|)ressed together until the 
corolla has expanded, are receptive on the inner side. Bv the time 
the corolla is half expanded the extrose anthers, which in the bud 
are below but now are level with the stigmas, have dehisced. 
When the flower is fully open the anthers an* fi>rced do.se to the 
uncoiling stigma.s hy the elongation of the daws of the jretals, the 
stigmas aetnally coming ill contact with tlie pollen covered anthers 
as described by Loow,^ ;in<l self pollination is efl’ecteii. I'he 
protogynous condition <ie.scribeil by Tammes^ does lUit occiii’ 
iiatutally but is the result of wound an<! contact slimuli. 

Prior to 101.-), U cases 111 natni.al cro.ss pollination ocemred on 
the College Farm. In lOlfi. 1917 and 1919, nnlv 9 cases were 
observed in 212 line cultures or less than .5 law cent, wlien linseed 
is grown in adjacent line,s at Nagpur. 

The characters studied in t!ie cros.ses were lirst the colour of 
the corolla and ne.xt the colour of the sca'd-coat. 


Hlue-jlonrn d \ Wlntc-jlonYri'd. 

F, had ])ale-bluo flowers with ilark blue veins like the blue 
parent. I’wentv-.seven plants were raised in Id. 19 blue and 
8 white-flowered ; 12 of the blue-Howerc'd again segregating into 
937 blue and 319 white-flowered. The ratio obtained fi'om 70 
other segregating individuals was 3.20o blue : 1.0(i9 white-flowered. 
These figures indicate a irn'iiohybrid cross. 


' Tainmf's. Pio FlarhsMiitp. Rer. d. fnir. b:4. wtvW., X\’. llilS. 
* Loew, E. EinfuJirun^ in die Blvlhciibiologiet 1S05. 

3 Tammes. L. e-, 1918, p. 220. 
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Dork brown seedx Yellow seed—f owers white. 

F, had a dark brown seed -coat. Jn F2 segregation occurred 
giving 15 dark brown and 5 yellow-seeded plants; 8 of the dark- 
seeded plants proved heterozygous, segregating into C34 dark 
brown and 187 yellow-seeded plants. The numbers obtained from 
29 other plants were 1.463 dark brown and 460 yellow-seeded plant.s. 

Dark brown seedy. Pak brown seed - Jiowers blue. 

F, had a dark brown .seeil indistinguishable from tbe dark 
parental type. The numbers obtained from 19 segregating plants 
were 409 with dark brown and 136 with pale brown seeds. 

Bine flower, jxile brown .seedy ]\ kite finwer . yellow seed. 

F, had normal blue Howers and pale l)rown seed.s. The 
numbers obtained from 30 heterozygou.s individuals were 1.657 
plants, blue flowers with pale l>rown .seeds, and .547 plants, white 
flowers with yellow seed.s. 

The results of these three cro.s.se.s indicate a single factor 
difference for seed-coat colour on the a.s.siiniption that the yellow 
seed only occurs in the nbsence of flower colour. 

Blue flower, 'pale hromi .seedy While flower, dark brown seed. 

F, had the blue flowers of one parent and the dark .seed of 
the other. Twenty-nine plants raised showed — 17 blue flowers, 
dark brown .seeds ; 3 blue flowers, pale brown seeds ; 8 white flowers, 
dark brown seeds; and one white flowers, yellow seeds. 'Pen 
individuals from the plants with blue flowers and dark brown .seeds 
segregated into -445 blue flowers, dark brown seeds ; 120 blue flowers, 
pale brown seeds; 124 white flowers, dark brown seeds; and 48 
w'hite flowers, yelloiv .seeds. The progeny of 32 other artificial 
crosses segregated into -327 blue flowers, dark brown seed.s ; 130 
blue flowers, pale brown seeds; 108 white flowers, dark brown 
seeds ; and 35 w'hite flowers, yellow seed.s. This < learlv indicates a 
dihybrid cross supporting the assumption that the yellow seed is a 
pale brown with pigmentation inhibited by the absence of flower 
colour. 
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In the linseeds studied in tlie Central Provinces there is thus 
present a factor for petal colour in whose absence the petals are 
white, and a factor for seed-coat colour in the absence of which 
the seeds are pale brown. If the factor for petal colour is absent, 
however, the seed.s are yellow. 

Analysis of the oil-content of the seeds showed a higher 
percentage for white-seeded selections, averaging 41 ’37 per cent, 
against 38'62 per cent, in the dark-seeded selections. Against this 
advantage the acre yield of blue linseeds with dark .seeds was 
distinctly higher than tho.se with white flowers. 



KTKUYIT (PEXKIflETmf CLANDESTINUM) : A NEW 
PASTFEE GRASS FOR INDIA. 


BY 

W. ROBERTSON BROWN, 

Afiiiriilhiml Offirer. Snrth-Went Frontier Prorini/’. 

' irA\ E you got Kikuvu ” ? every one asked me as 1 travelled 
ihrougli South Afriea in quest of new planks and agricultural 
instruction. The botanists told me it had been brought to the 
Fnion from British East Africa only ten years ago; that it was a 
nutritious ])erennial running gras.s of extraordinary vigour, with 
rhizome.s thick as a lead pencil and abundance of broad tender 
blades. Most remarkal>le of all was the fact that Kikuyu was 
not kitowii to have produced seeds. The agriculturi.sts said it was 
a splendid permanent pasture gra.ss on good land; that it required 
an occasional top dressing of manure and. like all other grasses 
whicli throw out altundant root .stocks, Kikuyu was liable to 
become sod-bound. and must therefore be cut-u|) bv the plough 
oiK-e in two or three years. Where Kikuyu was establi.shed, no 
other grass could exist in the held. It was drought -resistant in 
a remarkable degree ; all kinds of stock liked the grass. The 
liorticulturists were no less generous in their praise of Kikuvu than 
tlie botanists and agriculturists. Kikuyu wa.s the perfect lawn gra.ss, 
not for the tennis-court, the hockev, the football or the polo fields, 
but for breadths of bright green, den.se, .soft mown grass. On an 
establis'ied Kikuvu lawn, the feet were .said to sink in the delicious 
sward : Kikuyu was a grass to roll on. In the Cape Province, in the 
Orange Free State, in the Transvaal, in NaPtl and Zululand I saw 
Kikuyu at many farms and around public buildings well worthy of 
the eulogy 1 had heard bestowed u|)on it ; but it was at Pretoria 
in the delightful grounds of the Union Buildings that I first looked 
on really extensive breadths of Kikuyu. Over all the beautiful 
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lawns tliere appeared to be no weed or grass of any description 
in the emerald green Kikuyu. It was almost with a twinge of 
jealousy 1 saw the loveliest lawns of England rivalled here in South 
\frica. 

On the return voyage to India I carried with me a turve of 
Kikuyu. Apparently more dead than alive, it was planted in a 
rich bed at the Pe.shawar Agrii-ultnral Station on 3rd September, 
1921. Before the first tourli of fro.st in neceinber, the gras.s had 
nnule e.vtraordinarv good growth and covered four .square yards of 
IiukI. .V slight protection of bram-lies was theii given, and the 
grass came througii the cold niontlis o| .lamiarv and Februarv 
witliout suffering more tlian a check in its growth. In April the 
1 ‘umiers, rooted and uarooied, were di'.ided into .sixdnch lengths 
anil planted three feet apart each wav on half an acre. In four 
months' time tiie area was closely covered by Kikuya. and .sheep 
and cattle were put to graze on it (Pkito IV). 

In December the more vigorous, soft rumiers were injured 
when the mercury fell to 2H°1''. ; the grass was browned and growtli 
ceased, hut Kikuyu was otherwise uninjured. With the first warm 
l)|-eath of spring the gra>s sprang into idgorons growth again. 

'I'wo-thirds of tlie area lias lioen n'gularly grazed by the farm 
stock, t!ie remainder has l,cen alloweif to grow that tl’.o Iiabit and 
nature of Kikuyu might be studied. 

l'’rom tlie ( oiipiarative talilc of diinnica! analyses quoted 
below from the I'liloii oj Soiit!: Afi/Cd lu'jit. oj A<jn. I.cafct Ao. 45. 
it will be seen that Kikiivn comp.ares verv lavonrably with luceime 
arid other more well known gras.ses in tliis miintry: — 








3 


■; 



'f 

z 





= 



i 1 





3 

- 3 
= -c 

3 p 


i g 

C C' 


c 

■s 

c % 


< " 

Kihtivii (,\ir-'!iiril) 

S 251 

:rnH; 

1751 

3:}t‘s 

0-42 

s:u 

10-770 

L-330 

Kilvtivu {(Jm-ii) 

. . 7rv<n) 

'.riii 

0.71 

701 

200 


0-j70 

0'3oS 

Idicunu' (Hiiv) 

' ViKI 

!.■> .'■11 3(1 (ill 

2-40 

:uso 

8-5>U 




T.-H(Hav) 

... S'20 

liiH) 43 -lM 

MO 

:uso 

0-70 





. . i 


1-40 

4270 

S'70 




Guinea .gra.ss 

.. ( S 02 

9u:i 1 2S(i:i 

ros 

40 jt 

12' 10 

7-oy 

1-445 

1134 


3 


34 


AGRICULTURAL JOURNAL OF INDIA 


[XTX, I. 


Kikuyu is worthy of a trial in any part of India wliero the 
average aniuial rainfall exceeds 20 inches, or irrigation is available. 
As it does not produce seeds there is little danger of the grass 
spreading to fields wliereon it might be undesirable. Kikuyu may 
go a long way in helping to provide really good nutritious grazing 
for the dairy cattle in India, for wide sweeps of lawn or for 
the race course. It is probable that it will prove superior to d/u//. 
{Cynodon dactylon). 



THE PROBLT'IM OF POTATO STORAGE IN 
WESTERN INDIA.* 


BY 

S. L. .UREKAR, li.A.. 

Af/. Profi'xxnr of BoUhii/, lioi/at hmliltile of Science, Bomhat/ 

(Formcrh/ Planl Pnlholnf/ixl lo (torcrnmenl , Bomhoti, Poonn). 

The study of tlio .storngo rot.s of potato ha.s been carried on in 
tlio laboratory of plant diseases at the Poona Agricultural College, 
with some interrii])tii)ns, sitiee 1917. It is propo.swl in this paper to 
discuss the healing of tite main concinsion.s readied on the problem 
of potato stoi'age in Western Indi.i, the detailed experimental 
evidence in .support of the conclusions being reserved for separate 
publication. 

PnEVIOL-.S WORK ox THE PROBLEM. 

The problem of potato .storage has always been one of great 
importance since tlie intrmluctioii of potato cultivation in We.stern 
India. Considerable lo.->ses in .stcuage occur due to various causes, 
fine of the mo.st recent estimates of such losses m.adc from actual 
observations on cultivatoi'.s' .stores juits down the loss at between 
•)0 and 7') per cent.i The potato moth {Phthoemcn operculcJla) 
is the most obviously vi,sible of the pests and di.soas‘'s of the potato 
tuber, and it is not .surpri.sing that it had been for many years 
regarded a.s the most important of the potato troubles in Western 
India. X (onsiderable amount c)f work was done on it by the 
Bombay Agricultural Deparfinent between the years 1906 and 1912, 
resulting in the discovery of fumigation with petrol as an efficient 
and practicable remedy. 

The moth trouble, however, i.s not the only one causing damage 
in potato storage. Bacteria and fungi, either independently or 

• P:i])pr rciid ut t{;o Sfifiico Con_crc»», liUckiuiw, 19-3. 

' KiiwirjiotU*, 11. s'. iVoc. Third JC»:, Mrclimj, Pusa, 1919, ji. TtU. 

( :15 ) 



36 


AGRICULTURAI. JOURNAL OF INDIA 


[XIX, I. 


following in the wake of the caterpillar of tlie potato moth, 
cause quite considerable, and sometimes even greater, damage. 
This was strildiigly brouglit out in a!i experiment conducted by 
Mr. Piararao S. Kasargode, A.ssistant Professor of Entomology, Poona 
Agricultural College, m 1912, in whii li it was found that, in .spite of 
fumigation which excluded t.he potato moth, as much as 55 per cent, 
out of a lot of 5,000 lb. tubers weie destroyeil by rotting within a 
period of three months.^ The investigation of this particular case of 
. rotting was carried out at Pusa by Hiitchinson and Joshi''^ and 
led to the discovery of two kinds of bacteria which are capable of 
invading the living potato tuber under certain conditions and 
cau.si!ig it to rot. 

The acuteness of t.he potato .storage problem wa.s not, however, 
fully realized until, owim; to the (treat War, the import of Italian 
seed tubers was stopped and ciibivator.s in We.steni India were 
awakened to the neee.s.sity of becoming independent of foreign 
supplies in respect oi seed tubers. This was the origin of the 
investigations on pota.to cnltu ation in Western India by Dr. II. H. 
Maiut and others, the results of which arc published in IhiUdhi 102 
(1920) of the liombni/ Depnilnr ol of Aaiic'/ltore. Chapter IX of 
tills Bulletin deals with the .storage of potatoes, and the authors 
(Mann and Xagpuikar) have I'ome to the concliisiiai that the " vital 
factor in the potato problem in Western India'’ is a form of rot 
which they term " he.-'.t rot ’ and. wliich Ihev regard as identical 
r\ith tac black heart '^escribed bv Bartlailomew'’ ’ and 
Stewart and Mix® in .\merica. Tin* " heat rot is believed by 
Maun and Xagpurkar to be caused bv men* phvsieal heat and to 
liave nothing to do with paraaitic organisms and it rs said to oi'cur 
whenever the temperature of .storage rises above 90'''E. (Jn the 
basis of this belief the.se aiithoi>. re'.ommended a .sy.stem of storage® 

^ Kasjirgtxlp, K. S. 

2 Hutchinson, V. yi, ;Mi<i .lonhi, X. lnd»,. Hu t Srr., 1. X., lilln. 

2 Bartholoinevv. Black hcai-t [loltiliny. ntyt/puth'jhujy, (II, [tp. 

* Eartholumert. A pathoiogical anil [ihysi>*Iu«;i(:al stmly of the black iie-irt of potit i tuber. 
Centralblalt Bod. Parusii Injtcl., 43 E*l., X<m. pp. (KtO-Oljy. 

•'Stewart and Mix. .Y. Y. Aijri. Bxpt. St'i. litilL 4:W, 11)17. 

® Bomb. Dept. A<jn. Bull. 102, p. 00, am. 
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the essentials of whir-li are (a) fumigation with petrol, (h) rigid 
sorting to remove injured or diseased tubers, (c) storing in bags 
ill a godowii w here the temperature is maintained below 90°F., and 
{(t) periodical inspection of bags. It is claimed that by this system 
“ potatoes kept for seed can be maintained witlioiit aiivtliing like 
the serioii.s los,se.s which have often, if not usually, been incurred 
in the past.” 

In actual practice, however, this system has not been found to 
fulfil its promise to solve the potato storage problem in Western 
India. Jlaiin and Xatrpurkari give no information as to tlie actual 
results obtained in the impriwed .■^toiagi' house described by them. 
I’resuiiKibly, at the time of publication of their Ibilletin, no actual 
storage liad been done in the .storage house constructed according 
to their design mi the premises of the I’oona .Vgiiciiltiiral (,'ollegp. 
The Kcoiioniic Hotaiiisf to (tovcinn.cnt. Itomtiay, Iniwever, writes 
ill this eonneetion in his Annual llcpoit for 19'20-2!- that “ it lias 
been po.ssible to keep the teinperatiir'' (of storage) down to an 
average nia.xiinum of So'O'F. during .Ma;.’ hy (piite mule inetluxls 
but still there has licen iiiiicli lo'S in storage. Tliis cpie-stioii needs 
more study.” The rotting niateiial from thi.s s-turage wius examined 
from time to fime in tiie lahoratorv of I’lant Pathology at the Ponna 
Agricultural College and. .symptoms of fiie so-called “ heat rot” were 
frequently noticed, indicating that they might occur at temperatures 
lower than tf.'PF. 

'file need for more i-arefii! stmly of the potato storage rots liad 
also become obvious from the con.staiit association ol lortain iuiigi 
and bacteria, each with characteristic cU’ects. with certain types of 
rotting ill tidiers received lor examination. Ceitain striking 
discrepancies bet ween the desrri]itions of " lieat rot ’ of Mann and 
Nagpiirkar and those of the “ black .heart" of .American aiitliors 
also suggested a confusion of c.iiiscs and elTccts and !uve.ssitatod a 
careful study of t!ic relative impoii.dbihtv of pliysic.il lieat and 
niicro-orgaiiisiii.s in the causation of potato rots. 


‘ Bomb. Dept. Agrt. linll. 102, |i]>, 1920. 

Bept. Dept. Agri.t liombop, 1920-21, Apix’iulix I, p. lU. 
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Conclusions from the ivriter’s work on potato storage rots. 
The studies just alluded to have been carried out during the 
past few years by the present writer and tlie main conclusion.s 
reached may be briefly stated as follows : - 

(i) The storage rots of potato's as distinct from the moth 
trouble may be divided into two classes;— (1) Diy rots caused 
br fungi and (2) wet rots caused by bacbuia. 

(ti) Of the fungi, four different kinds were found re.sponsible 
for potato rots, two species oS F and two species oi Selerotitoii 
(Scleroiiiim BoJfsii and BcleivtiuM sj). liitJierfo known ua B/ihx-fo/nii 
destruens and Bhizoctouiu Solaiti respectiw/y). The identification 
of these fungi is not yet complete. 

(fit) Unaccompanied by bacteria, cacli of the above fungi 
produces a characteristic form of rlrv rot. but tlie individiialitv 
of the rot is often lost owing to bacterial invasion an<l it nltimatelv 
becomes a wet rot, e.specially at higher temperatures (lietween 
86°F. and 100°F.). 

(ilj All tjie.se fungi appear to attack the potato tuber ordinarilv 
through wounds in the skin. P.ut they niav al.so find adniis.sion, 
though less frequently, through lentiiels anil through the 
interruptions in the .skin in the neighbourhood of the eves. 

(f) All the.se fungi grow fairly well between temperatiiivs of 
77°F. and 93°F., though the optimum is diffeient in dilTerent cases. 

(vi) The wet rots are cansL-d bv a miinber of forms of bacteria, 
and on two occasions (1912 and 1918) on wliich samples of 
rotting tubens were sent to the Imperial Bacteriologist, I’usa, for 
examination, the .same or very .similar organi.sms were found to be 
re.sponsible. These are common soil organisms and as such probabiv 
invariably present on the surface of tubers and are capable of causing 
rots ill living potato tubers under certain conditions of temperature 
and moisture. The optimum temperature for the growth of these 
is between 86°F. and 104°F.i 

(vii) The heat rot described by Mann and Xagpiirkar is on!\’ 
a form of bacterial wet rot and the symptoms included m this 


’ HutcUiusun, U. M., and X. V. lOid. 
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term, viz., blackening and softening of the fle.sh of the tuber and 
exudation of watery matter and foul odour, have been found to 
occur only in the presence of bacteria. These .snnptoms are not 
produced when micro-organisms are succe.ssfully excluded and 
heat alone up to 42°C. (I07-6°F.) is allowed to act on potato tubers 
constantly for a period of nine days at least. On the other hand, 
these symptoms may bo produced at tcmperatmcs as Joiv as 81°F. 
when the appropriate micro-organisms are present. Heat by 
\tsc\i cannot, tbeTclore, be regarded as a primary cause oi potato 
rot.s, as .supposed by Jraim and Xagpurkar. 

(I'iu) 7 he snuptom.s described a.s “ heat rot” are quite distinct 
trom those of “ black lieait ” as will be .seen by careful comparison 
of ligures and description of the Indian and the American authors. 

(i.r) There is lea.son to suppose that continued exposure to high 
temperatures like !04°F. might eventually kill the eyes and tissues 
of potato tubers sooner or later and reiider them liable to attack 
by saprophytic organisms, some of wliich are Icnown to become 
pathogenic at temperatures of about 95°R It is in this .sense that 
heat by itself might be a primary cause of potato rots. There is also 
the possibility of an e.xcessive ri.se of temperature in potato heaps 
due to respiration and action of micro-organisms, as was found by 
Cotton and Taylor^ in, potato clamps in England, diaiin and 
Nagpurki'.r,^ however, did not find the temperature rising higher 
th.an 9;EE. in the potato heaps in We.stern India with their special 
cooling arrangeinent.s, and it is unlikely that physical heat by itself 
is a primary cause of potato rots in Western India. 

The BE.'.KIXG OF THE ABOVE CONCLLSIONS ON THE PROBLEM. 

The, problem of jiotato storage in AVestern India is, in the light 
of the abov e conclusions, rather more cianplex than lias been supposed 
by Alaini and Nagpiirkar. It is not .suliicient to keep the temperature 
of storage down to 9lril'., for at temperatures between 80°F. 
and 90°F. the organisms found as.sociated with potato rots thrive 


^ (.otUiii, A. 1)., jtn<l Tuylor, 11. V. The ctuiscs c*f decay in [Kit'itu cltimiw. Sttpplemetit 
Ao. IS io Jour. Bd. Atjri., lAymhm, ^larcli 1019, 
and Ntvgpurkar. Ibid., pp. 89 - 9 U. 
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specially well. In devising incasuics against potato rots, tlierelore , 
it is necessary to have regard to the biology of the respective 
organisms concerned and to endeavour to prevent, lir.st, infection b\- 
these organisms and, second, their spread. Ilow far this is feasible 
Mill now be discussed. 


Prenention of infection. 

During the course of the work cm potato rots erne fact was 
brought out prominently, namely, the existence of a wides])i('ad 
infection of potato tubers with one or more cd the rot (ansing 
organisms already before the tubers went to the storage* hoii.se. 
It lias been quite a common expeiience to line! .some of the tuhcis 
.selected as apparently healthy to .serve as controls in the inocnlatioi! 
experiments develojhng one or more of the rot causing oiganisius 
during the cour.se of the experiments in spile of all suifac<' 
disinfection. This experience agrees with that of American workers 
stated in summary hy W. A. OrtoiA cl' the 1'. S. Department of 
Agricultnre in the following words : 

*■ e are coming to realize more and more 

that we have to deal juinuirily with a condition of general soil 
infection and tliat the planting of healthy .seed is Ia- no means an 
insurance of a healthy cro])." 

Although the corky skin of the jiolato tuber, if uninjured, 
ordinarily prevents the entry of jiathogeiis sueee.ssfullv, .still tliere 
are solutions of conlinnity of the .skin in liie neigiihoiirhood of the 
*■ eyes ” and in the inminienihle lenticels whicli occur on tlie potato 
tuber and afford points of entry to rot causing organisms, which aie 
pre.seiit in the soil, lienee the wiclespread infection already present 
in the tubers before they go to the .storage. 

To prevent this kind of iulcction, exten.sive sterilization ol 
the soil would be neces.sary, but apart from the (’xpeiisivene.s.s ot 
soil sterilization, any metliod of sterilization tiy heat or hy use 
of poLsonou.s substanee.s would prohablv destroy the u.seful 


^ New work mi putato diMen.ses in America (p;nK-i- •;imtribute i Dj tin: liiteriiitiuii il L*oUto 
Bonference, Loadon, 1921). 
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micro-organisms along with the harmful ones and what might he 
sjained in freedom from diseases might he lost in fertility. 

h’uture work on tliis subject, therefore, must be diTeeted 
towards finding out the })est methods of controlling .soil infection 
by cultivation method.s and by the study of crop rotations. At 
present it must be admitted that we do not know of any satisfactory 
methods of preventing infection of potato tuliers in the .soil. 

Prkc k.ntion (jf .spread in storage. 

In the pi'eventioTi of sjaead >11 storag('. two lines of attack are 
feasible, (hie is to de.strtw the rot causing organism^ in and on the 
tubers before putting them in the storage and the .second is to .so 
arrange the conditions in the storasre house that the organi.sm.s 
would find them unsuitable for growth and .spread. \'ariou.s 
fungicides have been tried with varvitig degrees of success depending 
on the extent to whiih the tubeis had been alreaily infected before 
the treatment. In general, it may be said that while fimgicide.s like 
copper stilphafe. meicuiic iierchloride and formalin are effective to 
.some extent in destroying the mg.tnisn.s at or near the smface of 
the tubei'. not one of them is capable of ensming perfect sterilization, 
if the organisjiis have alnuidv penetrateil to some depth below tlie 
surface. Hutchinson and .lo.slid recranmended the treatment of 
seed til hers with ( o]>]A'i'-^ulphate solution {2 percent. forSt* minutes) ; 
and in their own experiments tliey seem to liavo got re.sn!ts 
which indicate tlie i Heclneiicss of tliis fungicide in ]ireventing 
iiifeiTion liv lot causing bacteiia. especndly wlie.'i caie is taken 
to remove all iiijuicd liibeis anti tlic moistuie m .stonige is kojit at a 
low ilegree. Jhil in both .Maim anil .losiii s- cxpei inionts and in 
our own. it has hecii found that siiifan' storilizalion with copper 
sulphate has not been siitiicii'iit to juevent lotting in every case 
and the same cxiieiience was obtaiiieil mi it lairly huge scah' hy 
Mr. Kanirao S. Ka.saigoile. .Assistant lh'ofes.sor of J'h.tomology, 
Poona Agricultural College, in the hot weather (4 IftlS when he 

^ Hutcliiifsoii tinil Jiishi. Ihiil. 

* Mann ;\iul Jushi. A pIicinK-tl siuily nf heat rot. Apiiendix to Dt'pf. Aijri. Bull. 
102 , 1920 . 
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stored about 4,000 lb. of tubers after treatment with copper sulphate 
in thin layers on racks in a well ventilated room. Practically all 
the tubers showed tlie characteristic bacterial rot. Still the method 
suggested by Hutehin.soij and Joshi may be found useful by potato 
growers who wish to preserve a small (|uantity of .seed tubers for 
their own u.s?. especially if practised itnmcdiately after harvest, 
before the micro-organi.sms have had a chance to get inside the 
tubers and beyond the reach of the fiingi( ide.^ Formalin treatment 
cannot be recommendetl. both becau.se it will be more expen.sive 
and because its effect is not likely to be so lasting a.s that of the 
copper sulphate treatment. Mercuric perchloride is a dangerous 
poison and as it has been shown by t'lu.ssow and Shutt^ that 3 lb. 
of potato tuber (13 tubers) treated for 3 hours with 1 : 2,000 l orrosive 
sublimate solution will take up from the solution 0'05 gnu. of HgCl^j 
which is si.x times the ma.ximum official dose in medicine, potatoes 
so treated must become non-edible. For this rea.so!!, ;is also for the 
ineffectiveness of even this powerhd fungicide against organi.sms 
already in.side the potato tuber, the use of mercuric ])erchloride 
in preventing potato rot cannot be recommended. 

As regards controlling tlie conditions of storage so as to reduce 
the chances of growth and spread of organisms already present 
aiid to prevent infection, the knowledge we have gained of the 
physiology and parasiti.sni of the rot causing organisms indicates 
the methods likely to be successinl. It is common-jdace to say that 
potatoes or. for the matter of that, anything liable to rot, must be 
stored in a cool, dry and well ventilated place. (Jf these conditions 
of storage the temperature is perhaps the. most important and 
is so recognized by cultivators, who have devised elaborate 
arrangements to bring about a reduction of temperature of storage. 
One such method in vogue in the Khcd Taluka of Poona Ui.strict has 
been de.scribed by .Mann and Xagpurkar® by wliich the temperature 
can be kept at from 86^F. to 93°F. This method has been improved 

^ The iin[>ortJince of inimc^iiato (i.f., within 24 hnum .after rlitrginjt} aisinfuclion of poUilo 
tnbers is brought out by 0. A. Pratt’s trials with Ugtff, anil formalin in the oontnil of tho jiowiloi v 
dry lilt of putalocs oaused by Fu-mriitm IrkluAlmioiilm. Jour. .{ijri. lin., VI, S:|0, 11)111. 

2 CiisHow, H. T. CuiKida Eipl. Kciurts, 11)12, pii. 200-21)2. 

Hombay. Oe/d. Agri. Bull. 102, pp. 33-34. 1920. 
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upon in the storage house built by Messrs, the Union ^Vgency of 
Bombay in their potato works on the premises of the Poona 
Agricultural College.^ The teinpenitiire in tliis has been kept as low 
as 82°F. and the ventilation is also mui-h freer than in the ordinary 
cultivator’s storage. But both these methods of .storage have t!ie 
disadvantage of a high degree of moLsture which is an ine\ itable 
result of the use of evaporating water in eacli of the.se niethod.s a.s a 
tncans of reducing the temperature ; and altliough, under favourable 
conditions and witJi good care in tlie .sorting preliminary to .storage, 
very good lesults have Ijeen oi-ca.sionally obtained, reducing the 
lo.ss due to I'ots to as low as 2 to .5 per cent. yet the.se good results 
are not obtained with certainty and serious io.sses may occur even 
in such metliculs of stoiage. Much succe.ss .as was obtained in tiicse 
.storages would seem to lie due to the careful sorting out and rejecting 
of infected and injured tubers and not to the temperatuie of the 
storage. For, w.hile tlm low temiieratures reached seenr to keep 
some of the wet rot causing bacteria fairly under control, these 
same temperatures are found most suitable lor tlie growtli of otlier 
organisms, particularly tiie fungi Fiig/iriidii sp. and SrhrotiiDii 
Ili>lfsu. I'liis e.xfilains the ob.servaliou of .Maim and ./osiii that, 
with a temperature i.'f stor.ige below s.i b’.. " the aitaek ol 
Fimriiiin rli'v inl weiit^ on inereasing."^ and the oxjreriencc of 
.Mann and Xagpurk.ir that " storage in Poona in the cold weather 
for two months at about 8.) F. means tlie lo.'-s ol over .SO per cent, 
of tlie store.l |)otatoes (in .some ea.res). 

Further experiments with methods of .storage would seem, 
therefore, desirable, and in eonduetiiig these, the temperature and 
moisture relations of the various organisms will have to be borne in 
mind. It lia.s been found that the dry rot Fiis.irixm fungus and the 
fungus Sclrriifimn h’oif.'ii grow best at t.'inperatures lietween 25A'. 
aiul 3(fC., but that they also grow fairly well at the lower tempera- 
ture of 2()"C. ; this would suggest that file temperature of storage 
mu.st he at least reduced to 20'U. indeed .Vnierican writers^ 

' Ihiil., |))i. ^ Iftitl.. p. 

^ Iftiil., }»p. p. (i7. 

(.). A. (.'rintrol vi tlu- powilny ilry •■'•I \Vo^5tprii-[>«>tatr>e;8 uauMcd by ymtrium 
hicholhccioUta, Jour, Aijri. His., VI, lOIU. 
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recommend as low temperatures as 2° to 4'^C. to prevent losses 
from Fttsarium (richothecioides, which is a dry rot fungus ver\' 
similar to, if not identical with, our o\cu dry rot Fusarium. If 
such low temperatures are found absolutely necessary to solve 
the potato problem of Western India, then the cold storage methods 
in Western countries will have to be adopted in thi.s country also. 

It seems doubtful, howe\-er, if the resort to cold storage would 
pay in connection with a crop which covers only about five or six 
thousand acres in I\’estern India, which i.s used as a more or less 
fancy vegetable and not a staple article of diet, and which is generally 
sold off by the growers inanediately after harvest. The losses in 
storage, so far as they ociair, are easil\' made liji by the potato 
merchants b}- increase in price, which, in that ca.se, affects only a 
comparatively small .section of well-to-do buyers in a feu big cities. 
Even in Germany’- where the potato crop in lhl2 covered aj: 
acreage of fijlfio.OOO, and where it forms not only an important staple 
crop for stock feeding and human eonsumpfion. but also an 
important raw material for certain elietnical industi-ies, a Itt per cent, 
loss by decay whicli oceiirs every year on an average is ajrparently 
considered negligible. If, therefore, Iw the .systematic and 
continued use of the comparatively .'.im))le pre<autions, namely, 
(1) rigorous sorting, fumigation and rejec.tiou of all diseased and 
bruised tubers, (2) careful storage in bags,.(.'i) keejiing down the 
temperature of storage below Itn'K,. the lcs.se.s <an be ke])t down 
below 10 per cent, as has been clainie<l by Hlanii atal Xagjmrkar,* 
cold storage would seem uimece.ssarc lor the conditions in Western 
India. The removal of injured and infected tubers in (he jneiiniinary 
sorting would considerably les.seu the clianeos of sid)se(jueiit 
infection in the .storage, tlic rot ])nsliieing fungi being erdinarily 
wound parastes. These preeautions together with inipio'. cments 
in the storage liou.se de.signed to reduce the temper, -itme without 
increasing the moisture .should enable ii.s to finally .solve the ])i()blem 
of storage of potatoes in Western India. 

^ Ortnii, W. A. S. A. Ikpl. \‘jri. Bull. 47, lUllJ. 

^ Ibid.f pp. 



PROTECTION OF (,'ABBAOE AND KNOLKHOL 
SEEDLINGS FROM FLEA BEETLES. 


BY 
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Enlullh-llfujiral As.-iishinl, A'o/i/.vj/i, 

The growing of scgotiibios for the nuirkot, and parfieulaiiy tfie 
cultivation of (.'ubbagi'. kiioikdiol ai\d otiicr similar plants, i.s be.set 
with many (liliicultios, but tlicuo are few which are more annoying 
and injurious than th(‘ way in whicdi the young seedlings are 
destroyed in tlu> seed-l)eds !iy several in.seets, of which by far the 
most important are the flea-lieeth's. The present note ileals with 
eNpeiiments made in the Kmikaii near Bombav to clieek t!ie damage 
from these and similar |)e.sts. 

Tile flea-beetle.s are small blnisli-eohmred beetles, which, being 
furnished with- pinv.'rful hind-legs, jump when disturbed almost as 
vigorously as lleas, from' whi'di faculty their name is ilerived. 
There appi'ar to be inaiiv species of these in India, but mo.st of 
them have not bi'en iilenliti“d. and about their life-hi.storv little is 
known. As the. see llings of inaiiv vegetables grow these lieetles 
are often foinul in nmltiliides feeling on the leaves and leaving 
behind them numerons small round holes. Tiie temler seedlings 
so attacked generallv die. 

file measures (irevionslv adopted again.st the-se and similar 
seedling pest.s have ehieflv consisteil in eoileetiou of the insects by 
hand, spraying with kerosine einnlsion ami dusting of the plants 
with ashes previoiislv treated with kerosine. Such remedies were 
tried in the present e.xpei'iiiienls but. when the pest was bad, none 
of tlieiii wa,s sati.sfaetorv. Spraving and dusting of seedlings in 
seed-beds is in any ea.se not very satisfactory as the frequent 

( 45 ) 
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iiecessnrv ^vatcring tends to remove the materials from the leaves. 
When the insects are present in large numbers, collecting by hand 
or liag proved almo.st impracticable. 

Two new methods were therefore tried. As the area of seedlings 
is usually small, it was suggested that the whole of the seedling 
area should be enclo.sed by ii fine-meshed cuitain likg a mosquito 
net. Two seed-beds, each three feet square, were prepared and 
sown with knolkhol seed. One was completelv protected bv a 
curtain as de.scribed fixed on a bamboo frame, and about eighteen 
inches high. The lower si<les of the curtain were weighted doun 
with stones. The net was easily removed for watering and was 
then immediately replaced. The re.snit was excellent. No attack 
took place, while in a similar seed-bed without protection the 
plants were miserable, stunted and several times smaller than 
those inside the net. The inevitable interference with the light 
inside the net did not .seem to have any seriou.s effect on the 
character of the seedlings after transplanting. 

The second method tried was by trapping the flea-beetle.s on 
a sticky plate. It was suggested by the success which had been 
obtained in trappi?ig mango-liojipers on trees by means of a stickw 
mixture of oil and re.sin. X rectangular tin plate, two feet long 
and eighteen inches wide, with a iiandle.at the back for bolding, 
was used in the prc.sent experiment. Thi.s was painted on the 
lower side with a sticky mixture prepared from boiled vndi nil 
{Calophyllimi inophijlhim) (1 part) and fairly powdered resin 
(2| parts). Any other similar oil would ])robably have given the 
same results, but the jiroportion of resin ncces-sarv to keep the 
mixture stici-y wo\dd have to be worked out in each case. The 
tin plate .«o prepared is held over the infested sced-hed, and the 
plants gently brushed. 4 he insects when disturbed fly up and ai'e 
caught on the sticky tin plate. If this brushing is repeated on four 
or five successive days, the infestation can be almost entirely 
removed. If necessary, it can, of course, be continued longer. 
After three or four days, the sticky mixture dries up, but a few 
minutes’ exposure to the suii will make it as sticky and effective as 
before. The experiments wdth this method turned out a complete 
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siK'cesn iiiid tlip (lania"e l)y flea-boetlo was rwliiced to very small 
dimensions. 

Jn actually carryin" out the lirst of the 'methods above 
suggested, a kind of coarse woven cloth, locally available in the 
market, wa.s found to be sati.sfactory. A piece ten feet long and 
thirty inches broad cost about a ru|)ce. Three such pieces will 
cover a seed-bed covering forty sipiare feet, the cost for making 
the complete net being only eight annas. Thus at a cost of Rs. 3-8-0 
a .seed-bed will be protected suHicient to plant out one-eighth of 
an acre and the curtains will best for four or five years. This will 
save an annual large loss in the.se e.xpen.sive vegetable seeds, with 
a guarantee that the seedlings will be ready when wanted. 

The second method will only cost eight annas for making the 
tin plate with four annas for the nii.xture. 15y the use of this it 
is possible to clear seed-beds sullicient to plant out one acre of 
cabbage or knolkhol. 



A FEW OBSERVATIONS ON PADDY (OBYZA 
SATIVJ) OROSSING,* 

BY 

S. G. SHARXGAPANT, H.Ag., 

Off}/. Eroii'iiiiic Bo/iinis/, Bcm/nL 

Thk paddy spiki'lot or flower offers some ditticnlties in siiecessfid 
crossing. E.vperipiice showed u.s thiit .special methods must he 
empiovod in succe.ssfully cros.sing it. As a ro.sult we gradually 
evolved a methixl which is now nearly cent, per cent, .succes.sl'ul. 
To understand tlie difliculties and to learn how they have been 
overcome, one must Hist learn the meclmni.sm of the paddy flower. 

The paddv flower is composed of two short ein])ty outer glumes 
u.sually not more than one-third the length of tlie inner glumes. 
Thev are of no account in paddv crossing, tor they neither help nor 
retard the crossing in any way. 

The inner glumes are generally two in mnnber and though not 
differing from each other in size and te.xtnre, one of them (the 
third a.s it is called) is Hve-nerved and hears at its apex an awn 
in all awned varieties of paddy. The other (fourth glume) is 
three-nerved and when removed beans auay with it the ovary, the 
stigmas and a few of the stamens. The two inner glumes between 
themselves enclose the paddy grain. In.sidc the inner glumes are 
two broad.ly oval, small, thiidv, fle.sliy bodies, the lodicules. They 
play an important part in the opening of paddy flowers. 

The stamens are six in number. All arc well developed 
fertile end functioning. Jn a mature spibelct held to light, they 
are seen to occupy about half the length of the entire .spikclet. 

The ovary is unicellularf, a little longer than broad, smooth, 
and bears at its apex two styles with feathery stigmas. 

♦Paper rend at llie Indian Science Congre.-w, Luuknow, 

fin the dnuble-rice paddy, lioHCver, tho <ivary may be bi-, tri-, or ipia Iri^cclltjlir, the 
number of styles then becoming double the numbor of oulU pru^at in the ovary. 

( 48 ) 
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The mistake that one is likely to make in erossing paddy is 
to consider the glumes as functioning the same as they do in the 


rtONkt. 



INMAT UKC SPIKtLtT 
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ease of wheat. In crossing wheat the glume.s are usually snipped 
off with a pair of fine scissors before emasculation. The same 
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procedure cannot be followed in the case of paddy, because the 
glumes are delicate, p^otecti^'e in function and form a part and 
parcel of the mature seed. If they are injured in any way likely to 
set up withering, the seed does not set. 

Paddy anthers usualh- burst just a little before the flower 
opens. We found by actual experience that emasculation must be 
done at the latest two hours before the flower opens. The two 
glumes are very gently pulled apart with fingers— no forceps should 
be used — and the stamens removed with a pair of fine bent forceps. 
About two hours later when paddy flowers begin to open, the 
emasculated flowers are pollinated and the glumes are closed and 
tied up with a 2 Mece of fine silken thread. The tying helps to keep 
the glumes in their natural po.sition. If the glumes are not tied 
up, they do not close properly and the percentage of succe.ssful 
crosses diminishes greatly. The tying up also doe.s the work of 
bagging and no further bagging is necessarv. 

The time at which the flowers open differs with the time of 
the year when the paddy plant flowers. For in.stance. mis or 
early paddy, which is sown in April-May and flowers in July-August, 
opens at about 7 a.m., while the sail or transplanted paddy 
which flowers in October open.s at about f) a.m. Weather condition.s 
at the time of flowering affect a goo<l deal the time of opening, 
sunshine hastening the process and clouds and rain retarding. It 
has been found possible to cro.s.s the a>is with the aman or sad 
paddy and the amnn again with tlie wild paddy, and some of 
the resultant crosses are yielding very interesting result.^. If it is 
intended to cross sail paddy with am paddy under ordinary field 
conditions, it is more convenient to grow' the sail paddy in its proper 
season, and to giow the aus paddy out of its season, for the aus 
can be made to grow' and flower during the aman season while the 
sail paddy cannot be made to flower during the aus season. In 
crossing with the wild paddy it is important that the sail paddy 
should be used as the female parent and the wild paddy as the 
male, because the wild paddy .spikelets shed before the grains 
mature. If the wild paddy is use<I as the female parent the crosses 
are shed before they are ripe, and are thus lost. 
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METHODS OF 1>LAXT BREEDIKG IN GENERAL .» 

BY 

NEMESIO MENDIOLA, B.S.A., M.S., Ph.D., 

Coiisiilliiifi Plant Bntdcr. Bumtu <if Affricvllvre. and Associate 
Prafessor itj Aijranonn/. Collcfie of Agrindtare, Los Banos. 

Underlying improvmciit of different crops are some 
fundamental processes. Tliese do not vary, essentially, when 
applied to individual kinds. Variation lies n.erely in details which 
arc leai'iied only throngli experience. Given a basic understanding 
of the essential pliase.s of plant breeding, one should not find it 
liard to develop a method of improvement applicable to a particular 
kind of material. 

Methods classified. 

The various methods of plant amelioration may be classified 
under three main groups ; namely. (1) selection, (2) hybridization, 
and (3) hybridization combined with selection. 

(1) Selection. 

Too often, the term, “ selection,” as a method of improvement 
in Genetics, is confused with other processe.s to which selection 
is popularly applied. For example, it has been taken to mean 
varietal selection, that is, the choice and use of the best variety. 
\ arietal selection within a species is indeed expedient especially 
when thousands of varieties exi.st. For, the elimination of those 
''arietie.s which are not profitable to raise will improve the average 
yield of the varieties or the species. However this does not 
fall under genetic selection. Neither does selection mean in cereal 


• lleprinkHl from Phil. Agri. Hev., XVI, No. 1. 
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improvement the selection of the largest or the heaviest seeth 
although, again, it must be said that increased yield may be obtained 
by such a practice, for, in whatever way the biggest or the heaviest 
seeds be obtained — by hand picking or by the use of a fanning 
mill or by soaking the seeds in a brine solution where only the 
heaviest will not float, thus allowing their separation from the 
lighter ones — the seeds are freed from broken individuals anti 
M'eed seeds. Weed seeds in tlie seeif mean more eypense in weeding 
and cultivation of the field, less nioi.sture and food for the plant.s, 
and less yield and money for the farmer. .\lso. the larger and 
heavier seeds contain more stored food material for the embryo 
than the lighter and smaller one.s, and under unfavourable conditions 
they are more likely to survive. E.xcept these advantages, it is 
very doubtful, as far as yield is concerned, if the large and heavy 
seeds have any superiority over the smaller and lighter one.s. 

It should be borne in mind that .seed seh'ction, as the teiin 
is used in Genetic literature, doe.s not mean jirst selecting seeds, 
which are free from di.scase or other physical defects. True, the 
use of no seed.s but those disease-free i.s to be ))reaclicd, indeed this 
must be the practice on every farm, for it may haiipen that the 
disease on the seed will appear on the plant which grows therefrom. 
This would mean a di.seased field which- means poor yield and a 
los.s to the farmer. But even when only the bc.st variety is grown, 
and only seeds which arc free from broken giains, from weed 
seeds and from di.sea.ses are used, there remains the fact that the 
yield may be poor, unless genetic .selection, or .strain selection, is 
practised. 

The reader doubtless knows the meaning of the sayings, " ft 
is the blood that counts,” and ” One is of bad ancestry.” We can 
just as truly .say, ” It is performance that counts.” When we 
desire to improve a given variety of plant by improving its yield 
through selection, wdiat is really desired is to free a given .stock 
from such blood, or strains as is re.spon.sible for low' yield, and 
to obtain only plants that are high and superior yiclders. But it is 
usually impo.ssible to tell from the appearance or from the size 
or weight of. a .seed whether the plant which it will produce will 
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l)e a poor yielder or a heavy yicldcr. In a given number of seeds 
from unselected plants, a plant from a large seed may actually 
yield less than a plant from a smaller seed. I'hc appearance of 
seed should serve only sometimes as a guide in the selection of 
initial parent plants. The appeai'ance of the plant doe.s not 
always tell what kind of yield its progeny will give. Under certain 
circumstances, such as when a ]ilant has more fruits than another 
because of more fax’ourable soil conditions, the progeny of tlii.s 
more favoured plant, on account of le.ss fertile soil, may actually 
yield less than that of the poorer looking individual. Since neither 
the appearance nor weight of a see<l nor of the plant wall tell u.s 
exactly what kind of yield the prrrgeny will give, the final judgment 
of the yielding power nmst he ba.'^ed on the ance.strv of the seed 
or plant or on t!ie plant’s perfoiiuance— on wliat it a.ctnallv does. 
.\n e.xample may make this point de.-ir. Snppo.se, to improve 
tlie ]''ilipino race it is desired to enact immigration laws tliat will 
prevent the entrance of feelile-miiided strain.s into tlii.s connfjy. 
'I’hesc laws will prevent admission of immigrants wliicli are feeble- 
minded, as.snming tliat in this way the “ blood ” which carrie.s 
feeble-mindedness will he exeluded. But this assumption will not 
always hold good for even if one he not feeble-minded, lie may be a 
(■airier of deled ice gei’inpla.sm whieh liears the determiners for 
focble-mindodness ami, if allowed to reprmluee. may in time be tlie 
parent of feeble-minded children. Tlie prevention, therefore, of the 
entrance of feelile-ininded blood " into the Islands could not depend 
only upon the appearance of the ineoming immigrant but also on 
his auccstrv, ju.st a,s the hereditary yielding capacity of a grain or 
seed is best judged from the perfmir.ance of its parent plant. In 
brief, then, proper selection is to be liased not on appearance alone, 
but oil pcrformaucc also. This being true, to get any maximum 
improvement of the yield of a variely ultimately consists in the 
isolation of the heat single strain in that variety. 

Helection may be of diilcreiit kinds : («) mass selection, 
{h) line selection, (c) clonal selection, and (rf) bud selection. 

[a) Ju mass selection, we proceed somewhat as follows: Bearing 
in mind the object of the selection, individuals are selected on 
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the basis of this object and then are planted in a mass. Selection 
must be made intelligently, in the manner and at such time as will 
insure the best results. Oftentimes, this cannot be done except 
in the field \vhen the crop is mature. We may illustrate this with 
corn. If the object of selection is to improve the yield, intelligent 
selection of seed ears is not made in the pile, for here we have 
no way of knowing which ears come from high yielding strains 
and which come from the inferior sorts. Sometiines superficial 
examination is sufficient to enable one to choose the desirable 
individuals. Sometimes, however, different methods of analysis 
are employed to decide which plants are to be selected and which 
are to be discarded. Chemical and other analy.ses are used ; also 
the scale and balance; and the performance record is ke])t for 
several years. 

For mass selection to be of the greatest value it mu.st be 
continuous until the limit of improvement is reached. For purposes 
of demonstration or to determine if any progress and how much 
is being made, it is necessary to plant a check side by side with 
selection. The check consists of a portion of the original material. 
The material left after selection does not serve as a proper check, 
neither does a portion of the material from w'hidi the inferior 
strains have been taken away constitute a proper check. 

In the absence of check enltures, the progress of selection 
may be determined by comparing the performance of tlie selected 
crop w'ith the average performance of the variety for five or more 
years in the locality or region. When one is familiar with his 
crop and soil, it may be possible for him to tell when he is getting 
any improvement even if either the direct or the indirect check 
for comparison is lacking. However, this is true only under 
average conditions. If for any reason the crops suffer from 
unfavourable conditions and become abnormal, then it will be 
difficult, if not impossible, to diagnose progre.ss. 

When check cultures are run at the same time as the selection 
tests, one point should be borne in mind, and that is genetic 
contamination. The selected plantings should not be allowed to 
cross with the check or with any other material, For this reason it 
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is advisable to carry out the selection cultures in an isolated field 
and to screen them from the check by planting border plants 
several rows deep. These plants may be of the selection itself, in 
which case they should be discarded after harvest, or they may 
belong to another but faster growing species. Whatever is used, 
tlie screen must be effective. AVitli tobacco, contamination is 
prevented by producing the seeds under bags. 

When the plant is self-feitilizing and is not subject to any 
amount of cross-breeding, the precautions given above are 
unnecessary. 

It should be emphasized here that in selection, the individual 
plant is the unit. This point is likely to be overlooked under 
certain circumstances. For instance, when several seeds of a 
crop are planted in a hill, the hill is .sonietiiiies taken a.s the unit, 
ft is evident that, in so doing, the choice of individuals becomes 
a hit-or-miss affair. This is well illustrated and discussed fully 
under mass selection in rice. 

Tile improvement in mass selection is obtained slowly and in 
this respect it is inferior to line selection. It has the advantage, 
however, of being practically non-technical and hence easy to use. 
Mass selection has been used with cotton, and with rice, corn, and 
other cereals. 

(h) Lille selectiuii Consists in the testing of the progeny of 
single individual plant. Le Couteur and Shirreif were the first to 
use this method. The progeny test was specially used by Louis 
Vilmorin and line .selection is sometimes called the “ Vilmorin 
.Method.” 

The initial selection of plants in line selection does not differ 
at all from that of mass selection. Cenerally, however, fewer 
individuals are selected in line .-lelection. The critical difference 
between the two methods is that in tine selection the progeny of 
each selected parent plant is tested separately. The method of 
planting is often termed “ head-to-the-row,” " plant-to-the-row,” 
or “ ear-to-the-row ,” meaning that the seeds from one single head, 
plant, or ear are planted in one row. Not all the seeds from one 
plant need be planted, only sufficient to give a fair sample. One 
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hundred ofispring are generally sufficient to represent the strain. 
AVhen about 100 seeds are sown in a row, the method of planting 
is termed “ ceiit-geiier method.” This was first used by Hays of 
iiliniiesota in grain breeding. 

Each year, the most promising lines or strains are saved and 
tested. This is done until the tew really superior sorts are discovered, 
or the best single sort, then the seeds of each line may be 
multiplied as fast as possible and introduced into the seed trade 
or into the general farming. The critical point in line selection is 
the isolation of tlic best single .strain. It were better if we called 
tlie process, isolation. Strictly speaking, no further selection is 
necessary if the isolation is done properly. Of course, care must be 
taken that no seed of inferior race contaminates the improved 
stock. 

Line selection has been the important metliod of plant 
improvement followed in the Swedish Seed Station at Svalof. 
Here the method came to be known as the " System Pedigree ” 
or “ Separate Culture.” 

Line .selection is easily applicable to naturally self-fertilized 
plants or to those reproducing vegetatively. Among them there is 
practically no out-breeding. When applied to naturally cross-fertilized 
plants, selected parent plants should be guarded and prevented 
from crossing with any other plant in the Same row or in another 
row. Either mechanical or genetic contamination by inferior strains 
will cause a gradual loss of inipro\ ement in proportion as the seeds 
of inferior quality supplant the improved ones. Moreover, the 
selected plants should be self-pollinated. 

(c) Clonal selection. The term “ cion,” from whicli the adjective 
“ clonal ” is derived, is applied to a pure line produced asexually. 
We may conceive of a population consisting of a mixture of different 
cions (sometimes written “ clones ”). Improvement in this kind 
of population will be obtained by isolation or selection of the best 
cions or the best one of them. Within a cion itself, as within 
asexually produced pure line, heritable and desirable variations may 
arise and selection within this pure, line will have for its object 
the isolation of those variations. 
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Common examples of cions are found in fields of potatoes, oi 
abaca {Mitsa lediles Nee), of plant canes (distinguished from 
seedling canes), of ordinary plantings of cassava and pineapple. 

[d) Bud selection is closely related to clonal selection. Bud 
selection has been used mainly in fruit improvement. It is generally 
known that bud mutations or bud sports occur in fruit trees. 
Many important commercial varieties of fruit existing at the present 
day originated as bud sports. Tlie Washington navel orange is a 
familiar example. 

In the Philippines, bud selection lia.s a promi.sing future. We 
practically have no scedle.s.s variety of any pomological crot). 
We are looking ahead to the day when one may eat the delicious 
lanzon without having to Ire bothered with its bitter seed. We 
anticipate similar improvement with mango, inabolo, and other 
fruits. Bureau of Agriculture ofhcials verbally claim that there is 
now a seedless duliat (Ewjenia jamhoUum Lam.) variety which 
is in the way of propagation. 

(2) HYnEinizATioN. 

Objects. Hybridization is performed with one of three main 
objects in view. These objects are ; (o) To bring about increased 
variability, that is, to '' break the type " ; (h) to got a combination 
of certain desirable characters ; and (c) to obtain increased vigour 
which is supposed to be due to heterosis, or the lioterozygosity 
of the liybrids. 

Aspects. When the object of hybridization is to test or 
further .study any or all of the phases of the Mendelian laws of 
heredity or to obtain hybrids from parents of known purity it is a 
purely scientific aspcid. In this kind of work control of parentage 
is important. Because the operation is rpiite technical and 
consumes a good deal of time, it cannot be done on a commercial 
scale. 

Hybridization has also been performed for a purely conmiereial 
or utilitarian reason and without strict adherence to scieutitie 
precedents and procedures. T’he work of Burbank, of which more 
will be said later, as well as the work of horticulturists are good 
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examples of tliis phase of hybridization. For convenience, I will 
designate this kind of work as commercial hybridization. 

Technique of hybridization {purely scientific). prerequi.sitc for 
this work is familiarity with the sexual group of plants and the 
pollination habits of the flowers. 

Gienerally, plants may be classed under tlirec groups: 
(a) Dioecious, (b) monoecious, and (c) hermaphrodite. In dioecious 
plants, one sex is in one individual, while tlie opposite sex is in 
another. It has become a custom to call the plant carrying the 
male sex, a male plant ; and the female sex, a female plant. We 
have, for example, a male qrapaya {(jarica papaya L.) tree and 
a female papaya tree. If a plant carries both sexes and if one sex 
is not functional or functions at a different time than the other, 
it is, for all practical piupose, a one-sexed individual. We find an 
example of the first case in papaya also, and of the second in 
Musa teTtiles. (6) In the moncccious group both sexes are in 
the same individual but in different parts of tlie plant. Com 
and cucumbers are good examples of moncecious plants, (c) When 
a plant possesses both the male and female sex organs in the same 
flower and when both sexes are functional, it is said to be 
hermaphroditic plant or to be a hermaplirodite. llaiiy of the 
cultivated crops belong to this group. 

Besides a knowledge of the groups described above, a hybridizer 
must know a number of other points about the flow'er. These are ; 
(1) Structure, (2) relative time of maturity of stamens and pistils, 

(3) the quantity of pollen necessary for a good setting of seeds, 

(4) the length of time at which the pollen remains viable, {o) the 
amount of injury the female flower will stand, (6) whether the 
flower is self-fertilizing exclusively or whether it admits of a certain 
amount of cross-fertilization, (7) conditions of the pistil when 
fully ripe or receptive of pollen, (8) approximate length of time 
from pollination to fertilization, (9) the relative position of male 
and female flow'ers in the same tree, or of the male and female 
parts in the same flower (whether the anther is above the pistil 
so that the poUen drops naturally upon the stigma or whether it 
is below, necessitating some pollinating agent), (10) the nmuber 
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of anthers, (11) manner anil time of dehiscence of pollen, etc. Some 
of these points may be learned l)efore starting hybridizing work, 
while others are found out only through experience. 

It should be emphasized that, in careful hybridization work, the 
essential thing is to control parentage absolutely. Hybridization 
may be further explained by giving specific procedure with different 
groups of plants. 

With dioecious plants, there is selected one plant for female 
and one for male. Certain buds of these plants are selected and 
bagged. It is preferable that these buds should be of the same 
age. The reason tor bagging the buds is to protect them from 
foreign pollen. For most accurate work, it is always necessary to 
bag the male flowers as there is always the chance of insects visiting 
the flowers after they have been on other flowers. This is not 
imagination ; in very careful bagging work contamination of pollen 
has been known. Witli monoecious plants the male and female 
clusters are bagged separately. 

With perfect flowers, that is, with hermaphroditic flowers, the 
procedure is somewhat different. Here, emasculation, that is, 
the removal of male parts to render the flower essentially female, 
is practised. , Emasculation must be done some time before the 
pollen matures, that is, during the bud stage. After deciding on 
tlie parent plants that are to be used, a few buds are picked out 
on the female plant. All other buds and flowers likely to be included 
by tlie bag are removed. Even a single bud left in the same bag with 
tlie emascailated flower may spoil the work, as the pollen from the 
uon-emasculated flower is almost sure to come out and settle on 
the stigma of the ei7iasculated one. With a pair of small forceps, 
the floral envelope is cut off on one side In some cases the top 
portion may be cut off or even the whole perianth may be removed 
without causing injury to the flower. In fact, it is advisable in 
sonic causes to remove the whole corolla. However, some flowers 
are so sensitive that any great injury deme them will prevent the 
setting of seeds. Experience alone will tell what flowers are thus 
sensitive and what flowers are not. After cutting the floral envelop 
either in part or in whole, the forceps are thrust into the flower 
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and every sinyle anther is removed. Every single anther must he 
removed, for, if any anther is left, it \\ill produce pollen, a condition 
to be avoided. It is not advisable in this process of removal of 
anthers to hold the anthers themselves, for in doing so there is 
always a possibility of breaking the pollen sac, and when this takes 
place, some pollen grains may drop and later mature. .4s soon as 
all anthers are removed, there remaims essentially a female flower, 
but at this stage, it is not yet ready for pollination. So it is bagged 
and left for three or four dai's, even a week, for the stigma to 
develop to the proper age. The flower is tagged. On tlie tag some 
symbols are written which will show the date of emasculation and 
w'hat treatment is to be given, and about when it will receive this 
treatment. The tag may include with what jniient plant it will 
have to be crossed. For bags there are used small bags whicli will 
remain waterproof for several days. 

.U' the same time that the female flower is bagged the male 
plant is selected and some buds are bagged without ))rcvious 
emasculation. As with the female Mower all other flowers iun 
removed as these may have some foreign pollcji brought to 
them. 

The length of time from pollination to fertilization depend.? 
on the condition of the bud and the weather conditions. Cloudy 
days delay pollination while bright days hasten it. .At least 24 hours 
are usually needed. 

^\^len the male and female part.s are ready for pollination can 
be told by their colour. They usually become darker, also viscid 
and .sticky due to secretion of different sugar solutions by the 
cells. When they are ready the male parts are brought to the 
female ; the bag of the female is nunoved very carefully and the 
pollen is rubbed on the stigma. 

Some plant breeders make it a practice to use a watch glass 
for holding pollen and a cameTs-hair brush for transferring pollen 
from the gla.ss to the stigma. The.se helps may be all right if only 
one kind of pollen is to be used ; if several kinds are used, the 
glas.s and brush may be sterilized l)y dipping them in alcoliol. But 
the risk lies in the sterilization not always being thorough. 
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After pollination, the female new pollinated flowers are rebagged 
iind a record is then taken. The flowers are left bagged until 
danger from contamination i.s over. 

If fertilization takes place can be told from the discoloration 
of style and stigma. When the stigma has wilted, tlic bag nnn- 
be removed and, after this, the rest of the work i.s .«implv taking 
care of the fruit or seeds until they are ready to harvest. If the 
flowers are of such, a nature that there is danger of losing the .seeds 
bv bursting, the flowers or ovaries are kept in a kind of a cage. 

After harve.sting, the seeds are taken good care of in diving 
and storage. 

When the.se seeds are planted, the resulting plants are the 
plants. At the same time the seeds are ))lanted some parent 
plants arc. self-pollinated and plants grown from the .self-pollinated 
seeds for comparison. If the offspring of the self-pollinated parents 
show great variability, tlic F, plants arc to be di.s(arde<l. 

It is a good ])lan to make l.)ack crosses of lioth parents, that 
is, to use pollen of each and pollinate (lowers of the F, phuits. 
The bulk of seeds will come from self-fertilized F,. Sometimes, 
plants have, flowers whi<'h are self-fertile. In other cases artificial 
pollination is. necessary. 

Records. Keeping records is so important that some plant 
hreeders spend more time in record keeping than in actual handling 
of the ])lants. The following points slionid he recorded not 
only on the tag or label left with the plant hut also in the record 
book: Date of ema.sculation ; the number or rlesiguatiou of the 
male parent; and the ilate of pollination. In the record book 
should appear, also, a record of the male .and female parents and 
a description of such cliaractcrs as are ii'.volved in the study. 

Tlw liyhridker's worl inii outfit. For general purposes the tools 
herein named are, needed. .small good-powered hand lens to use 
in examination of small floral part.s and a small pair of .scissors with 
slightly bent blades about two and one-half centimeters long. For 
very small flowers, a small pair of sttrgeon’s scissors with blades 
about one oentimetcr long is very <‘onvenient. Forceps are useful 
in removing petals and anthers. Small containers for pollen and 
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some moist chamber for keeping pollen in a moist conditi 
should form part of the outfit. Small-sized merchandise tags a 
small-sized camel’s-hair brushes may be added. 

The nature and pollinating habits of the flowers oftentin 
determine the special tools to be u.sed. There are flowers si 
as of the alfalfa, which are bound to be pollinated while handli 
them. The emasculation of this type of flowers has caused so 
plant breeders to devise special tools for the process. Informati 
along this lino is well given by Oliver (1910) of the TTiited Sta 
Department of Agriculture. 

The choice of material for bagging entire plants is sometin 
a problem to the breeder, and the following suggestions bv I 
Howards (1920) may be useful. They claim that wlien they got th 
best results they used cylindrical muslin covers in the llotani 
area at Pusa. The covers were on frames consisting of tin 
bamboo rings. For most purposes the cylinder.s need not excc 
a length of 76 centimeters and a diameter of 30 centimeters ; t 
size may be varied according to the object to be bagged, 
advantage claimed for this kind of cover is that it allow.s a grea 
percentage of setting. The muslin covers are easily wn.shed af 
use and they last for two seasons. It is said, also, .that no ca 
of cro.ss-feTtilization have been detected through their use. 

The preservation of the viability of pollen is another probh 
which is met with when the pollen has to be .shipped a long distan 
as from one country to another. The viability of grape-fruit a 
tangelo pollen has been preserved for six weeks after the poll 
grains were gathered, permitting them to be sent from Flori 
to Japan. The method used in this drying was reported 
Miss Kellerman (1915) as follows; 

♦ * * Anthers in dried vacuum glass tubes, i. c., tube filleii with 1—2 inches, cut 
^ inch, exhausted t^j about 0*5 mm. pressure in the presence of auljihuric acid, the tube t 
sealed. As far ns jimcticable thcpJlcn was kept at a temperature uf 10° C. until .scaled. 

Commercial hybridization. The best example of this work 
that of Luther Burbank of California whom some people call 
“ plant wizard,” a name which Burbank, however, regrets bei 
applied to him. 
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The life and the work of this wonderful worker is described 
by Hardwood (1919) in a book. 

The following quotations from this book will give a very 
helpful idea of the method with which Burbank has been able to 
accomplish his very well known work : 

Instead of one or two experiment*} uiidenvay at tlie same time he ru iy have rive hanired 
at once, all requirinf» constant auiiervision, many of them extending over a period of perhaps 
ten years before they come to fruition. Irmtejid of having a few square feet of ground or a fetr 
pots under glass, he uses acres of ground, if neefl(wary, in a single test. In place of contenting 
himself with a half dozen, or even fifty, plants, In making a given te}t, he u.sei if necajsirv a 
million, all of them pressing furword in a million similar ways toward the same end. And 
out of the million he sav'ea porhapi m the l.ist sifting but one, and that one the be?t of alt. 

• • * He is oonfine<i t«» no one siwioia nor to any one line of combinations. The whole 
ivorld is his field, and he makes his seleetiiiiw and forms lu-s combinations in absolute dUregirJ 
fd all precedent. The end in view i.s (he point, how reach it most sUr.'ctly. It may be along 
j}o*calle<l scientific lines, it may be in absolidely new and original paths— more likely the latter 
—but the means arc the non*e*i8catiiil.s, the end is parsimount. 

Hardwood quotes the following advice and warning from 
Burbank : 

The plant breeder, before maldng combinations, should with great oare select the 
individual plants which seem best adapte;! to his purpose, as by this course many years of 
experiment and much noedUvw c.xpcnse will be avoided. 

Quoting Hardwood again ; 

But Mr. Burbank does not rec'unmcnd any difficult problems for the amstenr; rather, he 
insists on the very simplest ones (o begin with. He plaeea confidence, the wmfilencje which 
comes from having acc<implishefl something, as the initial essentiil * » *. 

And to this cn<l he urges liking np a single flower to begin with, never a composite one. 

\Yhen a cerliifi flower * • ♦ has been decidol on, the pollen from one of the two 
that are going to be crosseil in oilier to give birth to a third that, it U hope!, shall be better 
llian either iwrent, is gathered upon a little saucer or a wateh*cry3tjil, taken to the flviwer which 
li.us been chosen as male, arvi dusted down uj>on its stigma. Then this little (lower should be 
isolated from its fellows and guarded carefully. \ ixajter tAg should be fiostened to it for 
identification. Mr. Burbank .says to watch the bees, and when they are first a-wing upon their 
(lav’s work, be sure the (lowers .are ready to be polUnalel. 

He says it is wholly unnccivsory in iw lirwry plant broc ling tu attempt to oovex the flower 
with a screen of tissue jia^M’r or g.auze. This method h-as been billowed by souc iu the belief 
that they were thereby preventing inseels fn>m coining in and destroying the iwllinvting, bat 
he ludds that, save in some ]>artieul ir casrs, the act i.s not only absurd but absolutely harmful 
and more than likely to iiiiure the flower by keeping light ami air away from it as to frustiate 
the very end aimed at. If the pollinitini has been thorough, nature nwy safely be left tj do 
the reet. 

Great care also should be excreiswl in saving the aeeda of the plants under test. He 
rocommenda nir-tight glass jars for the purpose. The jars should bo kept in sumo secure plaeo — 
it is beyond the power of any mind to say how precious thc.se seeds may pr\)ve to be. 

From the plant*} that grow fn>m the new seeds only one should bo chosen, the very best 
of all, the one which is the thriftiest, the best bearing, the nearest to the ideal. The seeds 
from this one plant should be in turn plant'Od, and then from a very few of the very best 
plants enough plants saveil out to insure a somewljat larger crop for the next generation. Then 
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from this latter generation only the ven* best one should be saved. Mr. Burbank lays 8j>eei!il 
stress upon this— to save only one and that the veiy best «>f all ; no matter if there be hundreij 
plants or a thousand, s;ive only the very beat ♦ • *. 

According to Hardwood, Burbank’s success in being able to 
judge bis plant accurately and pick out the best individual from 
hundreds and thousands depends on bis intuition. 

For an amateur, Burbank suggests an outfit consisting of a 
pair of jeweller’s forceps or pincers, a jeweller’s eyeglass, a small 
but powerful mieroscope, a sharp knife, a saucer for holding the 
pollen, a soft brush for sifting or dusting the pollen from the saucer 
to the stigma of the plant to be fertilized. It appears that Burbank 
himself makes use of anv or all of these, sometimes tho.se devi.sed 
by himself, hut chiefly he performs hybridization by securing the 
pollen upon a watrh-crystal and placing it upon the stigma witli 
his finger-tips. 

(3) Hybridization combined mtth selection. 

After a hybrid population is obtained, the next step in 
improvement consists in the isolation or selection of the be.st hybrid 
iiidividuHl. A hybrid population may often consi.st of different 
genot}'pes and phenotypes. The selection of the best strain.s mav 
be made either by natural .selection or by artificial selection. 

In artificial selection results may more qidckly be obtained 
by using line selection. Tlie test of the progeny of each hybrid 
parerd will show at once which parent produce.s segregation. If 
the selection be for homozygous individual with rc,spect to a certain 
character, any test row showing heterozygosity may be eliminated 
immediately. From the rows which are saved, a number of plants 
are to be selfed and guarded to prevent crossing witli the other 
plants. Repeated line tests will ultimately reveal the line desired. 
In vegetatively propagated crops, if a ilesirable hybrid plant i.s 
once obtained, “ fixation ” of de.sirabie charncter.s is accomplished 
immediately as it is only necessary to propagate the plant by 
cuttings, buds or other vegetative parts. .Segregation is, at once, 
prevented this way. 

The selection of desirable lines in a population may be left to 
nature. An example of this practice is found in the work of the 
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Svalof Station. In Newraan’a (1912) book, we read ; “ Still 
another course of procedure in cro.ssiiig work, especially with autumn 
wheat, has begun to be practised at Svaiof, viz., the crealing of 
^wjndations. Two known sorts are crossed and the whole progeny 
from all second and succeeding generations is sown together 
en masse. The object of this plan is to allow the severe conditions 
of winter and early spring to either destroy or expose the weakness 
of as many of the more delicate combinations as possible. In the 
latter ca.se the breedet is given an oj)portunity of as.sisting nature 
in her work of elimination by practising a form of mass selection. 
While there is thus effected in a very .simple manner, a gradual 
weeding out of a great mass of unfit comlanations, the progeny of 
a crossing at the time gradually assumes the character of an ordinary 
mixed population, the different combinations becoming automatically 
constant as time pas.ses.” 

What may be hybridized, 'fhis is a question that always 
assails the curiosity of would-be plant breeders. The tendency of 
amateur hybridists is to attempt crossing widely related forms. 
Will mango cross with the lanzon and what kind of a looking fruit 
will bo obtained from the work is the type of qne.stion quite often 
asked. Oompatibility Iretween two individual plant.s is indicated, 
it would seem, by their systematic position. Crosses between 
families are unknown. . Ifetween genera there are only a few cases. 
We have the teosiutc-maize cross. .Several foreign cases of this 
are known. We have a ca.so of a natural cross between these two 
plants in the Collcgi’ of .\gricidture. In 1918 one-half of a trial 
plot in this College was planted to teo.sinte and the other half to 
maize, Zca Mays iiidarala Stur. The corn variety was Blanco 
Quarentano introduced into the College through Doctor Weston, 
of the United States Department of Agriculture. Seeds were 
harvested from the maize culture and planted, (^ut of 43 plants 
produced, 40 were somewhat intennediate in appearance between 
corn and teosinte. The other three plants looked like normal 
corn plants, except that they did not produce any ear. Likewise 
from teosinte seeds, hybrids were produced. Teosinte’a specific 
name is Euchlmui mexicam Sclirad. Collins and Kempton (1920) 

5 
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reported that in Mexico both teosiiite and maize frequently show 
contamination. They also reported an artificial cross which they 
made between Florida teosinte and the Tom Tlmmb pop corn. 
Another example of inter-generic cross is a hybrid betw'cen radish 
{Eaphanii^ sativus L.) and cabbage {Brmsiea oleracea L.). Gravatt 
(1914) w'ho reported the case declared that the radish wa.s 
characterized by a great amount of vigour which was evident from 
the illustration. However, the hybrid was absolutely sterile. 

Ill species hybrids, a very much greater number of cases 
are found than in inter-generic crosses. Collins (1917) crossed 
Zea rainosa and Zea tiinicata and found that tliese species behave 
in a Mendelian fashion. 

In 1908, Wester (1915) crossed sugar apple {Annonn sqmmoaa) 
and cherimoya (Aiinom cherimoUa). It is said that t!ie hybrid 
plant.! “ greatly surpass the parents in vigour, and are very similar 
in habit, stems, leaves, and flowers to the cherimoya.” 

Babcock and Clausen (1918) cite cro.sse.s between Antirrhimim 
molle and A. mqjus ; Nicoliana alata and N. hxgsdorffii ; N. data 
and N. sandern; ; N. langsdarffii and N. sanderw ; N. riiMica and 
N. 'panicidata ; N. paniedata and N. laiujsdfnffii ; X. s}iaveole)t.‘i 
and X. macrophylla ; N. sylvesirls and A’, lahacum ; Digitdk 
purpurea and D. lutea and between Oetiotheni hievtiismd 0. mmicatn. 
It is declared that while many of the first generation liybrids in 
.species crosse.s are more vigorous than either paient, others are 
exceedingly weak. 

Commercialization of improved seeds. 

The method of introduction of an improved sort of seeds into 
general agriculture is .something that demands serious .study and 
consideration on the part of plant-breeding .students. The value 
of improved seeds lasts as long as their purity is maintained. 
Once this i.s impaired, once contamination by inferior material 
takes place, a gradual “ running out ” or diminution of its value 
may be expected. 

Experience in the United States has shown that ordinary 
farmers cannot very well be relied upon to multiply and guard 
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selected seeds from cootemination or other unfavourable effects. 
Hence, the Government does most of the multiplication work. 
When the United States Department of Agriculture has a newh' 
introduced variety for trial, it is generally .sent to different state 
experiment stations or agricultural colleges where it is tested and, 
if found de.sirable, multiplied, or sub-tested if necessai}', in different 
counties and introduced into general farming. When farmers have 
to do the multiplication work, it appears that it is neees.sary to 
estiiblisli a system of supervi.sion and inspection under which 
technical men can see that the work is done pi'oi)erly. Where the 
farmers have had training in technical agriculture, such as those 
who are graduates of agrioiltural colleges or who have taken short 
courses in these institutions, the sui)er\ ision system is not always 
neces.sary. 

Probably an ideal agency for the commercialization of improved 
.seeds consists in a seed growers’ association which may be placed 
in charge of the commercialization of the improved seeds that the 
Govorument isolates. In this association the members are either 
plant breeders themseive.s, or fho.se who understand the principles 
of technical breeding. Kaeh member has a plot in which he glows 
his seeds. He himself sees that impurities do not enter ijito the 
material froth planting to the time it is sold. The association 
certifies to the purity of the seeds when these are sent to the market. 
This method is similar to that followed sucees-sfiilly in Canada by 
the Canadian fseed Growers’ Association.s and in Europe by the 
Swedish Seed Associations. The.se a.ssoeiations are subsidized by 
their respective governments. 

The Tropics have not yet reached the stage when seed growing 
is a common business and wh.en the seed growers are particular 
about their seeds. Undoubtedly, tlu time will come when as a 
result of agricultural evolution, the method found so successful in 
Uurope and the United States will be adopted in the Tropics. 

Jleanwhile, improved seeds are generally distributed in small 
amounts direct to the common farmers who are left to multiply 
them, the Government purchasing the greater part of the harvest 
for another and wider distribution. In the Philippines especially, 
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this has to be done in response to insistent public demand for 
proofs of what the Government accomplislies in the way of 
agricultural improvement. Such a procedure is imscientifi(; and 
wasteful ; for the seeds soon become impure before they could benefit 
a greater number of growers. 'I’he Government, perforce, allows 
the people to profit from the results of technical work rather 
prematurely. It is believed that, in the long run, better results would 
be obtained and economy effected, if the seed institutions of the 
Government were made to handle improved seeds until sufficient 
amount was available for a very much greater and more general 
distribution. This should be done until the work is taken up by 
some seed association that can handle it properly. 

The following account by the Howards (1912) of a system of 
seed distribution to cultivators in India is of interest ; 

Among the successful schemes of seed dirstributh>n in Madras the replacement of the mixeii 
Crop hv a pure Karungaui cotton in the TinnoveUy District is iv nutiilile achievement. This 
variety, originally found in a pure cotton tract, uas tesUnl on the Kuiljiatti Farm and provetl 
to he a great advance on the local mixture. A system of st'cd distribution was then gnuluiilly 
built up, and, at the present time, after five years' work, there art* HO, (Hid acres of this cotO'n 
in the district. The agricultural farm grfnvs sufficient cotton to supj'ly the coritnu't scist growers 
and buys the unpinned seed from these men, gins it and arranges the distribution of tlu' w'cd 
to the village dejidts before the s«»wing seas'in. Each <lc[>6tau[)jtli(‘slw') or villugis and a 
suitable man is selected as the depot kecjier who retails the seed nmler tlepartmcnt il su[H>i v'ision at 
a fixed rate and on a commission of annas four ffcr b;»g. The village is regardo.! ;us the unit and 
every effort is made to get all the growers in each village to take u]) the w?e<h It ia impirtant to 
notice that the procedure follows that <d the k'st s<‘od growers in Knrojx' and that the .scaHl grown 
bv the contnictoi-a is under strict control and comes back to the department every year. 

In the Central Provinces, equally striking examples arc funiisheil hy the Agricultural 
Department. In the cotton tracts the work of scc'fl distribution Is confimal to tuo suitable 
binds, and a fairly large supply of see<l ia pnKluced on the (Joveminent farms wliich is 
distributed to private seed growers who thein.'H'lvcj retail their seed to the (uUivab'rs. In the 
wheat-growing tracts of this province, the effort.s of the department :uc Concerned with di.stributiiig 
pure soft white wheat to selectetl matgiizar.^ who are nieinlicrH of the District Agricultural 
Asfiociations. Each man agrees to sow a large area and to provhle suitahU; arruigements for 
storing the seed and threshing the crop. In this way it is exjiected that beginning from a central 
farm a gradually increasing area of the wheat tract will be sown with one whuit only to the 
great advantage of the growers and the trade. 

The main features of the above examples are that 8(«d <ii.stribulion stxrU fn>m a central 
farm and gradually spreads outwards. The assistance of the best farmers is onlLsted, the sml 
is fully charged for and the work ia conducted in tnieta where markets alr&ady exist for the 
produce. 
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Introduction. 

Tkk occasional occuitciicc in cotton fabrics of liairs which 
resist dye and remain wliitc has been known for some time. As 
early as 1848, attention was called to it by .M. Daniel Koeclilin- 
Sclumeli^ of Mulhonse, and lie suggested tliat unripe cotton was 
responsible for the defect. The (p.iestion was investigated by 
Crum,^ and at a intire recent period Haller^ and Herzog* have 
made contril.mtion.s to our knowledge of the subject. 

Ouin found the undyed portions of the cloth to consist 
of hairs with remarkably thin and transparent blades, readily 
distinguishable from ordinary cotton by their perfect Hatne.ss and by 
their uniformly great tran.sparency. The ribbon wddth wuis seen 
to be greater than that of normal hairs and to show numerous 
longitudinal and transvcr.se folds. .Searching among the motes 
rejected by the “ picking machine,” lie found w hat ajipeared to be 
the same type of hair, in the form of small matted tufts of silky lustre, 
several of which enclosed the fragment of a seed or, occasionally, an 
imperfect seed. Crum noticed that small tufts did sometimes pass 

* Ut'l'riiitf l frum 7V.r. /».(., XIV, No. ■“>. 

' CronU,.,. Vrii*:tioU H(tit<ib.>.>k ■>/ Ih/dmj timl Ciilic IS71. 

’Cniiu, /'roc. I’hil. &if,, (Himpif, 1S43. 1, ‘JS; ISWI, 3, til; Jour. Vhiot. the., 
I»i3, 10, I, 4J), 

* Itillor. Vhem. Zeit., IIKIS, 32, SllS-.Ciil. 
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the sifting process of the “ picking ” machine, ultimately appearing 
in the cloth as minute lumps or knots, and showing white in the 
dyed fabric. An examination of specimen of dried bolls enabled 
Crum to trace the real nature of the thin-walled hairs and to make 
the followdng observations ; — 

] . The contents of capsules \iiiopened and slightly opened 
consisted of thin-walled hairs* or, as Crum called them, dead cotton 
fibres. 

2. In more fully-developed capsules, the ordinary cotton 
appeared where it had pushed its way out. Seeds nearer the calyx 
in the same loculus were clothed with the solid mass, chiefly 
consisting of the glassy, though transparent, hairs. 

3. The glassy hairs frequently appeared in pods of ripe cotton 
in discoloured spots, manifesting signs of injury before maturity, 

4. Small portions of dead cotton were seen, though rarely, 
in the outer part of the wall of well-clothed and ripe cotton seeds, 

0 . Small glazed tufts in cotton bales, appearing to have 
separated from the stem through which they derived nourisliment, 
were of frequent occurrence. 

Cnmi pointed out that a distinct gradation is peiceptible under 
the microscope in different specimens, ranging from dead to normal. 
He stated that the glas.sy hairs correspond witli the cellular 
membrane, which was desc-ribed by the’ earlier botanists as a 
primary fonnation in young plants, pos.se.s.sing a considerable 
degree of toughness and a certain amount of elasticity, having no 
perceptible orifices, and yet reatlily permeable by water. 

The dead cotton was observed principally in styles employing 
indigo, chrome-orange, aniline-violet fixed with tannin, or aluminium 
and iron mordants, where the dyes were attached to the cloth Iiy 
deposition from basic solutions of their .salts. By this method of 
fixing, with iron and alumina, white spots appeared w'hich, so Crum 
believed, would not have been discernible if ordinary mordants had 
been employed. On examining fabric dyed with a safflower-pink, 
however, Crum observed that the dead cotton seeir.ed to h.avc 


• From the butaiiioal point of view the term cotton hivir ” is profer.ihli; to “ cotton fibre.” 
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attracted its full proportion of dye and the same was the case with 
Prussian-blue produced from stannate of iron. By repeated dips 
in the indigo vat, the dead cotton was concealed if not otherwise 
dyed. 

Haller agrees with Crum tliat the occasional hairs which do not 
take the dyestuff are really unripe cotton, as the following smmuary 
of his observations indicates. Under the microscope, tlie lumen 
of this type of hair is seen to contain a considerable c[uantity of 
matter, and the hairs do not appear to be convoluted so much. 
When treated with “ cuprammonium ” the hairs swell up, but do 
not go into solution. On treating a mixture of ripe and uiiiipe 
liairs with a solution of i(xline in zinc chloTide, the unripe hairs 
quickly develop a blue colour which appears much more slowly 
with the ripe hairs. A solution of iodine in potas.sium iodide colours 
the ripe liairs a dark brown, unripe hairs acquiring only a light 
yellow colour. In 18 per cent, sodium hydroxide solution, the 
unripe hairs retain their convolutions, and only become lighter 
and more transparent. On dyeing with direct dyes the unripe 
hairs acquire the deeper colour. Treated with tannin-antimony 
mordant and dyed with basic dyc.stnffs, unripe hairs are only dyed 
ill the interior, whilst ripe liairs dye homogeneously. 

Herzog states that the dead hairs, which arc encountered 
especially in cotton )»<uns of poor quality, acquire a considerably 
lower depth of colour on dveing in the fabric than fully ripe hairs. 
Tliis he considers to be an optical elfect which is connected with the 
sti'iking difference in dispersion of the two types of hairs. The 
thickness of the wall of dead hairs is only O'5/i, and if a section of 
this order of thickness is cut from a tliick-walled, fully ripe hair, 
no deeper colour is apparent, showing that the deptliof the colour is 
conditioned by the thickness of tlie wall. It several tlnu pale blue 
glass plates are piled together to tlie height of 1 cm., they will appear 
less deeply coloured than a single plate 1 cm. thick made of the 
same glass. 

Herzog attempts to distinguish between dead and unripe hairs 
by their behaviour in cupraiiunonium solutions, and by tlieir 
appearance under polarised light, lie states that unripe hairs 
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have a rich protoplasmic residue in the lumen which enables them 
to absorb substantive dyestuffs more readily than normal hairs. 
Dead hairs are considered to possess no appreciable cell contents. 

Examination op faults submitted. 

Certain goods from the Calico Printers’ Federation, dyed alizarin 
style, exhibited defects consisting in the appearance of lighter 
motes showing up on the dyed background, and in a streaky effect 
due to irregular variations in the shade of the dyed background. 
The opinion of the calico printers who submitted the goods was that 
the white motes are due to “ neps,” i.e.. clusters of short folded 
immature hairs which failed to absorb either the dye or the mordant 
or both. They believed that the streaky effect is due to some 
inferior quality in the cloth receiving its maximiun expression in 
the motes, and stated that the fault is most prevalent in goods dyed 
with alizarins, para-red and indigo. 

The results of e.xamiuatiou of the fault will be dealt with under 
the following headings— (a) The motes, (6) the streaks, and 
(c) the grey cloth. 

The motes. The defects due to motes are of the following main 
tv'pes : — 

1. A nep which is only loosely incoiporated in the yarn 

becomes detached after printing, leaving a white area 
below'. 

2. A loose end of yarn becomes detached or moved to one 

side after printing and exposes a white patch below. 

3. Small white specks involving a large number of hairs, 

all of which proved to be dyed normally at other 
portions of their length. 'I’lie specks of this type are 
confined to a single strand of yarn, tlius eliminating 
roller damage as a factor in its causation. More than 
one type could be distinguished. In some cases the 
white spot was so far below the general level of the 
fabric that it could not have been affected by the 
printing roller. In other cases the mote occurred 
at the general level of the fabric, and was possibly 
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protected from the action of the dye by a particle of 
foreign matter. 

4. Neps in situ causing lighter .spots are by far the most 
common type of defect. Under a low-power binocular 
microscope they were seen to consist of a matted 
tangle of hairs, a few of whicli .showed the rich 
development of colour characteristic of normal hairs. 
When dissected, the nep was resolved into a mass of 
lightly-dyed or undyed thin-walled hairs which, in 
the aggregate, however, was intensely coloured. The 
individual bail’s were separated from each other with 
difViculty, and sometimes cnunblcd to fine particles 
at the slightest touch of the needle. 

When a whole nep was mounted in Canada-balsam, a substance 
of refractive index similar to cotton, the geiieral shade of colour 
was not materially different from that exhibited by normal parts 
of the fabric. This suggested that much of the ajrjrarent difference 
in colour in hand specimens is purely optical, and due, as Herzog 
suggested, to dispersion effects. It is worthy of note that the 
surface neps exhibit a high degree of glaze, imparted, no doubt, 
by the calendaring process, and thus reflect n ore light than the 
ordinary dyed yarn. Uxperimental dyeing of the grey cloth with 
Congo-red failed to rcwc.d any marked differences in shade, but on 
treatment with a hut iron in a damp condition to imitate the 
calendering process the neps became glazwl and immediately 
showed up as tvpical light patclies. In faiirics dyed with para-red, 
however, the motes were {iroininent in uncaiendered goods, and the 
intensifying effect of calendering is, therefore, not universal. 

27((; streaks. A defect in dvcing is often .dunvn in the presence 
of light streaks confined to a single strand of yarn, extending in some 
cases to a length ot ti mm. or more. When the cloth is held up to the 
light the streaks are dark, rather than light, and this is also the case 
m specimens cleared in clove oil and mounted in balsam. Under the 
micro-scope, the same matted tangle of thin-wallcd, fragile hairs 
was seen, with a few strongly dyed normal hairs miming ridge-like 
ucross the semi-glazed surface. The streaks may thus be regarded 
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as elongated neps. When dissected, the tangled mass resolved 
itself into a mixture of unthickened and partialjy thickened hairs, 
together with broken tips of hairs. On the whole, the elongated 
neps were essentially the same in structure as the surface neps 
previously described. 

A point of some iinportanco, however, requires emphasis. 
Although most of the liairs in neps were undoubtedly weakly dyed, 
there were isolated patches of the debri.s in which colour could 
not be seen. In spite of the difficulty of manipulation, small 
portions of such hairs were treated with scxlium hydroxide of the 
usual mercerizing concentration, and measurements were made 
wdiich showed that no shrinkage had taken place ; it is therefore cleai 
that as.soeiatcd with the tangle of thin-walled hairs wa.s a matrix 
of liair debris with practically no .secondary thickening. This 
debris exhibits dispersion effects to a liigh degree, particularly 
w'heii glazed, but, on account of the absemee of dye, become.s almo.st 
invisible in mounting media of approximately the same refractive 
index. 

A comparatively uncommon type of streak consisted of a group 
of hairs which were not so thin-walled as to form neps in the spinning 
process, but which were too thin-walled to exhibit the full 
development of colour. There was only a .slight difference in 
colour from the rest of the background. 

The grey cloth. A sample of the grey clotii before dyeing 
was examined, with the following results : — 

1. Tuft.s of thill-walled hairs, exhibiting parallelism, could 

be readily recognized by their semi-glassy appearam c. 
Dyeing of these portions wcmld result in a localized 
slight diminution of the full shade of colour. 

2. Neps consisting of thin-walled liairs in a matted and 

tangled condition were abundant. Most of these 
were yellow in colour. 

3. Seed coat particles were abundant, and often formed 

the nucleus of neps. 

Tufts of thin-walled hairs, similar to those described under 
(1) above, are a common feature of normal seeds, and are to be 
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ascribed to unfavourable conditions of nutrition during growth, a 
question which will receive fuller discussion later. 

Yellowness of thin-walled hairs is invariably a consequence 
of attack by insect or . cryptogamic parasites during boll 
development. 

A large amount of thin-walled, yellow-stained cotton occurs 
in West Indian, Sea Island cotton through this cause, and is baled 
and shipped specially as stained cotton. 

E.ijFECT OF MEKCERIZATIOS’ on the colour of THE NEPS. 

An indigo-dyed fabric in which the neps wore of conspicuously 
lighter shade than the background was conipared with similarly 
dyed cloth which had previously been mercerized. The general 
result of mercerizing was to render the defect much less obvious. 
Tliis fact is apparently well-known to the trade, and has its 
explanation in the I'luinge of geometrical conformation of 
a mercerized hair. T'lie flattened ribbon, characteristic of a 
tliiu-walled hair possessing an appreciable amount of secondary 
tliickeiiiiig, is converted on mercerizing into a form in which the 
area of cross section tends to he eireiilar and in which dispersion 
effects are minimized. I'lie wall thickness is considerably increased 
and a greater capacity for taking the dye results. The 
primary wall debris coutaining no cellulo.so is not affected by 
mercerizing and tluis tlie delect is still visible to some extent. 

yUMM.IRY OF OHSERV AITOXS .\ND CONCLUSIONS ON 
THE F.VLl.T. 

1. The presence of motes and streaks of aliglifer shade than 
the dyed background is iiucstly due to the presence of neps. 

■2. The neps eonsi.st of a matted tangle of tliin-walled hairs 
which, in surface view, cxliihit a glazed appearance. 

3. Tile tliin-wallcd hairs arc essentially of the type described 
by Crum as “ dead cotton.’’ 

4. Herzog’s view that the difference m shade is purely an 
optical effect is suhstantiated on two main grounds: (a) Eliminatiou 
of dispersion effects by immersion in various mouutiug media 
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renders the difference in shade in dyed hairs practically negligible ; 
and (b) in experimentally dyed cloth, the motes and streaks only 
appeared when the glazed surface of the ueps was produced with a 
hot iron. 

The cell-wall thickness of cotton hairs. 

Since the main cause of the differences in shade of the dyed 
background of the fabric has been established to be due to 
thin-walled hairs, i.e., to uiicqual distribution of wall thickness in the 
hairs composing the yarn, it is advisable to discuss the question of 
wall thickness in some detail, more particularly with reference to 
the causes of variations in magnitude and mode of distribution of 
this character. 

Balls^ points out that if, for any reason, the cell-wall of tlie hair 
consists mainly or entirely of primary wall with little or no secondary 
thickening, there will be little resistance to bending stresses. 
Consequently, such flabby hairs will be easily rolled into a tangled 
nep or coil. Such luiirs arc more likely to occur in fine cottons 
which have normally a thin secondary wall. Some environments 
produce more than others, as also do .some varieties ; thus West 
Indian, Sea Island cottons are bad in this respect, whilst Sakellaridis 
Egyptian cotton is inferior to the varieties wliich it has replaced, 
and the now extinct Yannovitch cotton was remarkably free from 
nep. Since one of the causes of flabby hairs is genetic, it is clear 
that the recognition and elimination of strains po.sse.ssing an 
abnormal amount is one of the most promising metliods (ff 
reducing nep. 

Production of neps during m.anuiacture. 

Given the presence of hairs with thin walls, there are many 
opportunities during manufacture which are likely to produce neps 
by their differential reaction to bending stresses. Among the 
recognized causes of neps are the following : — 

In ginning. — Faulty ginning. 

In scutching.— (a) Excessive beating; (b) beater blades out 
of order ; (c) trying to get too much cotton through one machine. 


* Balls. Handbook of Hpinning T&ita for (JttUon Orowers , Lundt)!!, IDAJ. 
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In carding. — (a) Carding too heavily ; (6) neglecting stripping 
and grinding ; (c) bad setting of flats, rollers and clearers, doffer 
and doffer combs ; (d) allowing the web to become broken and to 
fill up all space between the doffer and the calender roller, until 
the cotton is carried over the doffer and fills up the doffer comb, 
so that a portion of the hairs remains subject to the action of the 
comb for some time ; (c) overloading tlie wire. 

The botanical aspect. 

From the point of view of the botanist, there are two seta of 
f.actors influencing the cell-wall thiekne.ss of cotton hairs ; these are 
respectively environmental and genetic. 

The influence of the environmenl on cell-wall thiclims. In the 
first place, it is beyond dispute that each individual cotton plant 
possesses a certain association of genetic or hereditary factors vhich, 
under constant environmental conditions, are capable of manifesting 
themselves in the production of hairs of a definite length and 
wall thickness. Environmental conditions, however, can never be 
equal in their effect on all parts of the plant. For purposes of 
discussion, they may be divided into two main clas.se.s, external and 
internal. 

The external environment includes within its scope soil 
conditions, water siqiply, temperature, humidity, density of 
population, air movements, illumination, etc. A change in the 
general enviroiimeutal complex will, in some way, be reflected in 
mean cell-wall tliickness, and in support of this statement may be 
adduced the well-known seasonal variations in the quality of the 
cotton crop from year to year, grown from the same seed. Thus, 
when seed of Superfine St. Vincent cotton was grown in a region of 
little rainfall the wall thickness apparently iucroasod paii passu with 
the environmental ariility, but when grown in the humid greenhouse 
of the Shirley Institute, tlie wall thickness was reduced so that the 
cotton was virtually of the same magnitude as that characterizing 
' dead cotton.” 

The internal environmental effect is chiefly positional. There is 
competition for nutrients from boll to boll, from seed to seed in the 
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boll, and from hair to hair upon the seed. In examining cross 
sections of hair from the same seed, it is not unusual to find patches 
of one to two hnndred hairs closely grouped together, characterized 
by thin cell-walls. It is clear that proximity to the nutritive 
channels plays an important part in the determination of wall 
thickness. Patches such as this not infrequently pass through to 
the finished yarn, as was noted in the discussion on the fault described 
in this paper. The differences in the position of bolls on the plant 
would make itself felt as an influence upon wall thickness evei\ 
if thev were all at the same stage of maturity at the same time. 
This is not so, however, and in practice the later bolls on the plant 
usually mature at a time when, by reason of .senescence or attack 
by crvqotogamic parasites, the leaf area of the plant capable of 
photosynthetic activity has been considerably reduced. Not to be 
forgotten, also, is the effect of reproduction in pholo.syntlietii' 
activity due to defoliation by leaf-eating caterpillars, which in 
some cotton-growing districts may take place at almost any period 
oi the growing season. It wiW be. seen that (bstrilmtion oi waW 
thickness of hairs in a given bale is necessarily patcliy. Uniform 
environment on the seed coat does not involve more than a limited 
area, and elimination of positional effect can only take place, in 
hairs which are adjacent on the same seed. 

The influence of competition from seqd to seed in the same 
boll may, in extreme cases, re.sult in the death of half-grown seeds, 
which are clothed with hairs of little or no secondary thickening. 
Examination of a large number of bolls both of Upland and Sen 
Island cottons shows this phenomenon to be of frequent occurrence, 
so much so that probably most of the flabby hairs in undiseased 
cotton is due to this cause. 

The influence of genetic factors on cell-wall thickness. It is 
probable that the death of some of the partially developed seeds 
in the boll is due to gametic incompatibility, i.e., the combination 
of male and female elements which have united to form that 
particular seed is non-viable after a certain age. Some varieties 
differ constantly in the percentage of non-viable seed, and the basis 
of this can only be genetic. 
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Death oj seed throurfh attack hy insect or cryptogainic parasites. 
It has been mentioned above tliat tlie death of seeds either through 
competition or for genetic reasons is a fruitful source of flabby 
liairs. Death of seeds may also be caused by boll-puncturing 
insects, chiefly types of plant bug, carrying various forms of fungoid 
infection. In this case, the seed may be drawn upon by the insect 
for its food supply and ultimately killer!, or a general growth of 
micro-organisms may additionally supervene and involve the whole 
boll in decomposition and disorganization. Certain boll diseases 
may attack the external wall of tlie boll, and, by progres.sive 
penetration, destroy more or le.ss of the boll contents. 

Whatever the cause of the death of a seed in a half-matured 
condition, the hairs on that seed are invariably excessively 
tliin-walled and weak, and arc likidy to initiate nep.s in the 
spinning process. Tlie yellow colour, wlietlier due to in.sect 
puncture or disease, is strongly characteristic, ami .such cotton may 
he suspected as tiie source of some at least of the nep.? in )ieppv clot!). 

(Ienep.al C0NSI\)F,R.\TI0NS. 

It is clear from what has been said idjove tlmt the existence of 
thin-wallcd or flabby Imir.s in a samjflc of cotton is due to a variety 
of causes, some'nf wliicli are partially avoidable and others inevitable. 
The consumer of cottoit is at present holple.ss in tlte hands of the 
agriculturalist. His most m-gent rotpiii'cment is uniform cotton, 
and in regard to the present pi’oblem of thin-wallcd cotton, the 
position may be summed up by saying that the variability of the 
wall thicknes.s should be reduced to a minimum. Those engaged 
in cotton breeding are urged ti> take up the .«t)idy of means of 
eliminating strains cliaracfcrizcd l>y thin-wallcd cotton, and to 
investigate the phy.siologiciil and genclic factor.s conditioning its 
appearance. From the point of view of the .spinner, the recognition 
of raw cotton containing abnormal amounts of thin-walled liairs 
is important, and a method is under consideration whereby it is 
hoped to establish delinite standard.s for wall thickness in varying 
tvpes of cotton, and in conjunction with this to obtain an idea of 
the number of tliin-walled hairs normally present. 
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Summary. 

1. The work of Crum, Haller, and Herzog is summarized. 

2. The results of microscopic examination of an alizarin-dyed 
fabric which showed motes and streaks are pre.sented. The 
conclusion is drawn that the defect is one essentially similar to that 
described by Crum, and is attributable to neps composed of 
thin-walled hairs. The difference in colour of the neps is considered 
to be mostly optical in nature, for reasons which are given, but the 
nep aggregate apparently contains debris of hairs consisting of 
primar}’ wall only, which are glassy in appearance and remain 
undyed, 

3. The effect of mereerization on the difference in colour 
shown by neps in an indigo-dyed fabric is to render such difference 
less conspicuous. This is considered to be due to alteration in the 
shape of the cross section, reducing dispersion effects, and to an 
increase in the wall thickness, which causes an increased capacity 
for dye. 

4. The cell-wall thickness of cotton hairs is considered in 
detail and reference is made to recognized causes of neps during 
manufacture. 

5. The effect of environmental and genetic fac+ors on 
cell-y all thickness is shown to be complex, and it is concluded that 
much of the thin-walled cotton arises through death of seeds 
before maturity, either through competition, genetic factors, or 
attack by parasites. 

6. Elimination by genetic methods of strains characterized by 
excessive amounts of thin-w'alled cotton is suggested to the cotton 
breeder, as well as a detailed study of the physiological and genetic 
factors influencing its amount 




OIL CONTENT OF CASTOR SEEDS AS AFFECTED BY CLIMATE 
AND OTHER CONDITIONS. 

Exi’EiiiMicNTS with crt.stor .'iced.s wore first initiated at labour 
l)y Hr. C. Somers Tat’lor. A"ii(nltural ClioiiiLst to tlie Government 
of Bihar and Orissa. Jn the first scries, the rc.sult.s of wliicli have 
alreadv been publislied by him (Piisa BuU. 117, 1921), attempts 
were made to determine whether by chemical selection it was 
possible to improve the race of castor as regards its oil-yielding 
properties. It was, however, fo'.md that although seeds collected 
at random gave widely varying oil-content- from as low as 2r8 
per cent, to as high a.s .Ill'S per cent, on the seed— this character 
was not transmitted, when grown under similar conditions, even 
for one generation ; their ju'ogeny giving almost in every case a 
mean oil-content of about 49 per cent, m healthy seed.s. 'Ihe 
hhadoi (monsoon) ero]), which was generally well developed that 
year. ga\'e a better oil-yield than the same variety grown as rabi 
(winter) crop. It was then thought pos.sible that weather and other 
conditions might exert .some intiuence on the oil-yielding properties. 
Selected seeds, having an oil-content of 50 per cent, or above, 
were distributed for growth to the different farms where different 
conditions might prevail. Samples of the crop grown from these 
seeds were obtained from Cuttack, Duinraon, Sambalpiir and 
Sepaya, but with the exc'eption of the last of which the hhadoi 
Clop gave a lower oil-content (4,3'3 per cent.), all others maintained 
their oil-vield. Manv of the kernels of the samples of the hhadoi 
ca.stor grow'n at Sepaya were found to be in a shrunken condition 
indicative of uidiealthy growth. Again the I’acdika castor grown 
on the Sabour farm, both as hhadoi and mbi crop, gave the same 
oil -content in each case (ol'O and 51 'li per cent, on the whole seed). 
I'lie climate therefore docs not seem to exert any appreciable 

{ 81 ) >5 



82 


AGRICULTimAI. JOURNAL OP INDIA [XTX, I 


influence on tlio oil-yielding properties of the crop, except so fai 
as it affects proper developinent of tlie seeds. 

Different mamirial treatments also do not seem to have any 
effect on the oil-content of tlic seeds, fanes were laid down ai 
Sabour to receive separately p<itassinm .sulphate, superphosphate, 
and amnioiiium sulphate, as well a.s a mixture of these three and 
cowdung and Imti ash, i.e.. ash of the village refuse. The seeds used 
were from the same parent. Tiio a])plication of the niamires resulted 
in a considerable increase in the yield of seeds l)ut the pen-entag" 
of oil in tlie seeds remained singularly eonstant. The following 
table will make this clear 
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.'Utempts were also made to lind if llie amonnt of space left 
between the plants had anvthiiig to do with !)o1ter de\’elopmeut 
of seeds and consei.pient higher production of oil. Bulk seeds 
originally from a single plant, were sown, .illowing difl’erent space,- 
between the plants and also Iroin hue to hr.e. but no coiisiderabh' 
effect was perceptible in respect eitlnu- ol fhe total vield or of tlie 
oil-content of the seeds. On tiie oilier hand, the wider ,s])ace allowed 
the plants to produce more liraiiches. (>ac!i of whiidi produced iRuub 
which took its own time to mattin' and con.seiiitcutly tliey cotild 
not be harvested all at the .same time. Plants in which 2 leel 
.spacing was allowed from line to line and I foot (5 iriclie.s ro 2 feet 
Irom plant to plant produced onlv one long head and were therefore 
more convenient to harvest. 

It was foutid that the .see.ds on the oldest head of a plant gave 
an average result of o0'7 per cent, oil, while tlmse on the youngest 
and therefore kss mafttre liead from the same plant gave 47 cS 
per cent. oil. 'fhe amonnt of oil present in individual sced.s seems 
to depend therefore not directly on climate or on maiiurial treatment, 
but on the degree of maturity of the seed. 
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'Phe metliod of harvesting adojrted liy the cidtiN'ator in Bihar 
is to remove the head, of which only a few of the top seeds have 
ripetied. the rest of the seeds attaining maturity slov.ly after keeping. 
V trial was made to find out whether this method would give seeds 
(if the same oil-content as tho.se obtained by renaiving mat'ired 
capsules only. Se\’eral plots wei'e laid out. eacli ])!ot being sown 
witli seeds which originally came Inan the same ])arent plant. 
The result is indicated in the following table 
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Thus, against three case^ .>ut of ele\en wheie tliere was a 
\cry slight differeme in favom of harvesting whole heads, there 
iTe'four\vhere the removal of matured capsules gave a considerably 
hn-ger percentage of oil. .\lthough after the renmvid of the whole 
lieads, the seeds were kept apart for '■■evend weeks m order to allow 
dtein to j'ipe.n. the degree of maturity was not the .sime in all cases, 
md even the sliglit difference in maturity in different seeds from 
'he same head seemed to have a ccmsiderable effect. This therefore. 
Strengthens the conclusion that the oil-content of castor seeds 
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depends more upon the degree of maturity than on anything else. 
The Bihar cultivators’ method of harvesting docs not ensure that 
the seeds will have their maximum oil-content and cases may arise in 
which the average oil-content may fall short by over 3^ per cent, ot 
wdiat can he obtained by harvesting them when all are fully ripe. 

It is clear that for purposes of analy.sis with a view to the 
selection of superior oil-yielding t\^es, great care should be taken 
to pick individual capsules as they mature [Manmatha Xath 
Ghosh.] 

♦ 

* ♦ 

BUD-ROT OF COCONUTS CAUSED BY PHyTOPHThORA 
PALMiVORA. 

During 1913-14 inoculation experiments were conducted on 
voung coconut palms witli tlie fnngu.s Pliytophthoro jxilmh'om by 
Dr. Shaw and my.self {Ait»aJe$ ^lycnloyici . XII, Xo. 3, 1914). It 
was then proved by a number of inoculatiojis that this fungus 
produces typical bud-rot on young coconut .seedlings. Later on 
it was doubted by Mr. Sharpies in one of the papers in the Aunah 
of Botany (XXXVI, January 1922, p. oo) whether in mature 
coconut palms this fungus can cau.se tu'pical bud-rot. 1 felt sure 
from my close knowledge of the parasitic nature of thi.s fungii.s that 
it can produce the hud-rot in mature trees as well as in the 
seedlings. 

With a view to confirm my statement.s, two well-giown healtliy 
trees about 1.5 years old and with stem measuring about 12 feet 
in height were selected for the experiment. Diseased specimens of 
leaves and leaf-sheaths from a bud-rotted coconut tree in Iva.sargodc, 
South Kanara, were obtained on 1.5th August, 1922. hrc.«h ma.ssc.s 
of mycelium and sporangia were found inside the folds of the 
diseased leaves, From this material a pure culture wa.s obtained on 
French bean and oat agar on 18th August, 1922, and .subculture.s 
were made from these from time to time. 

On 29th November, the two coconut trees selected for the 
experiment were inoculated with 8ubcultiire.s of 18th Beptember. 
The fungus material was removed from the culture tube carefully 
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with a sterile platinum scoop and mixed with a few drops of sterile 
water. This material was carefully placed inside the shoot of the 
trees whicli were wetted ^witli sterile water before inoculation. The 
outer portion was covered over with a mass of coconut fibre which 
was kept wet by splashing water over it. Spray of sterile distilled 
water was given every day to the shoots in which the fungus 
material was put. Two more trees were treated in this way but 
without the fungus being put in the central shoot and kept as 
control. On 11th December, i.e., thirteen days after inoculation, 
characteristic diseased spots were seen on the loaves where the 
fungus was put, A week later, the shoots of both tlie inoculated 
trees showed signs of yellowing. Tiiey were given regular sprav 
of sterile water every day. Ten days after the spot formation was 
noticed, that is, on 2Ist December, the shoots rotted and could 
easily be pulled out from the crown. 

Microscopic examination showed the presence of the fungus 
Phytophthora palmixora on the inoculated portions. A bit of the 
diseased portion was incubated and the same fungus was re-isolated. 

At tius stage, wetting the crown with the spray of water was 
discontinued. In the course of two months, the crown of the two 
trees as a whole were blown over by wind leaving the two tree.s as 
bare poles. Tlie controls remained health)- tliroughout the 
experiment. This clearly proves that the fungus Fhyfoplithora 
pahnivora cai\ produce typical Imd-rot on mature trees also. In 
nature, tall, mature trees are noticed killed by this fungus witli the 
bud completely rotten. [S. .SrNJn\EAR,\.M.\x.J 

* 

* ♦ 

INDIAN DIPLOMA IN DAIRYING. 

T HE following press communicpie. dated l.'Stli November, 1923, 
lias been issued by the Government of India (Department of 
Education, Health and Lands) : — 

The Government of India have decided, in connection with 
the working of tiie Imperial Institute of Animal ITusbaudry and 
Dairying at Bangalore, to institute an Indian Diploma iii Dairying 
cn the lines of the British National Diploma in Dairying, to be 
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granted to persons who have successfully completed a course of not 
less than two years’ instruction at an institute recognized by thr 
Imperial Institute as capable of teacliing up to the standard requircii 
for such a diploma. 

It is hoped that sooner or later Agricultural Colleges in India 
will possess the necessary stuff and equipment and will be willing tc 
train pupils for this diploma, but, for the present, the necessary 
course of instruction will be commenced on January 1st, 1924, at the 
Imperial Institute of Animal Husbandry and Dairying, Bangalore 
where eight selected pupils will be taken. 

The cour.se will last for two years with two months’ Nacation 
each year. The holiday period will be the niouth.s of April and May 

The course will consist of practical and scientific training 
in the principles of cattle-breeding, cattle feeding and management, 
Indian and foreign breed.s of dairy cattle, stock judging, di.seascs 
of dairy cattle, dairy farm buildings, milk production, handling 
and sale, butter and (jlii manufacture, dairy cliemistry, dairy 
bacteriology and dairy farm book-keeping, .\mple scopcisavailablc 
for practical and laboratory work at Bangalore. The practical 
instruction will be under the direction of the Imperial Dairv Bxpert 
and the scientific training will be carried out under the control ol 
the Physiological Chemist to the Covernment of India. 

Sfudent.s must be of good charai ter and over 17 years ol age. 
The minimum educational qualification necessary for udini.ssion 
is the Matriculation or the School iMual Bxamination, but, in 
special cases, the Imperial Dairy K.xpert will have power to waive 
this condition. 

A tuition fee of Rs. l.> will be charged from each .student 
for each month or part of a month he is actually in residence at 
the Institute. Acconmiodation will be provided free of charge 
which pupils must avail themselves of. No stipends will be paid to 
student.s and travelling expenses must be borne by students 
themselves. 

At the close of the conr.se an examination will be held for 
those students who have satisfactorily completed tins course of 
instruction, and the Indian Diploma in Dairying will be awarded 
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by the Imperial Institute of Animal Husbandry and Dairying to 
successful candidates. 

* 

* # 

the second WORLD’S POULTRY CONGRESS AND EXHIBITION. 

The Second World’s Poultry Congress will be lield in Barcelona 
from 10th to ICth May, 1924-, under the official patronage of the 
Spanish Government and of the Municipality of Barcelona, and 
im<ler the Honorary Presidency of H. B. H. The Prince of Asturias, 

I lonorary Pre.sideut of Spanish Aviculturist.s. 'I'he opening sessions 
and sectional meetings of the Congress will c(,mtinue up to 14th 
Miiv in Barcelona and the (-losing sessions will be held in Madrid 
liu Kith Ma\'. Tlie didibeiafions nl the Congress will include such 
important to])ics relating to poidtrv breeding and industry as : 
(1) I’eseareh and investigation. (-2) State-aided and voluntaiy 
rifortsto develo]) the poultiv indnstrv (inclusive of educational 
work, (;l) Hygiene and disease, and (4) Xational and international 
trade in eggs and ])on!try. 

The Bxhibition, which will be held simultaneously with the 
Congress, opens on Kith Mav and will he installed in the Bxliibition 
Palace at Barcelona. It will remain ojien for nine days, from 
il a.m. to 0 pan. eacli dav. Tim Kxbibilion will bo in the nature 
of a displav. the object beinge lucational and not competitive ; an.d 
it is inteiale.l to represent every branch of poultry industry and 
i-ommerce tliercwitii. 

CONSUMPTION OF AMMONIUM SULPHATE IN JAVA. 

The .\merican \ ice-Couiisul I’ollni 11. Winslow. bataMa. in 
•I report juiblislu'd m the' Coniini'o-e lo'ports ol tlie I, lUted States 
Deiiarlment of Ci.mimeri-e. dati'd ITtii Scpti'inbei'. 102.C state.s that 
'•onsiderable amounts of chemical tevtilizevs e.io used in .Tara and 
that these ate admitted ilutv-lree. 

.Vmnumium sulphate is the prtmipal lerlili/.er used, and ol the 
7(1,740 tons imported in 1922, 2h.ti4li tons came Itom the Pbiitcd 
States and 3.j.72ti tons Irom Gn'at Britain. I he amotmt (unu tue 
United States shows a decided inrrease over the pretiotis \e,n, 
iniucipally because of the fact that Germany is being lorcod to 
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withdraw from the market. Before the war considerable quantitie- 
were imported from Germany, but that country has not regaine(i 
its place. The Germans are still in the market to a slight extent, 
but the chaotic conditions there have forced buyers to look elsewiiere. 
particularly because deliveries are uncertain. 

There is a wide variation in the amounts of ammonium sulphate 
used by the different estates in the Netherlands E;i.st Indies. Some 
lands recently reclaimed from the jungle do not require any, while 
the older e.states, where the soil is heavy, use up to 10 piculs to the 
bouw, or about 800 pounds to the acre. It is claimed that no otlier 
artificial fertilizer is so well adapted to the cultivation ot sugai’. 

The sugar estates generally place their orders a year in advance. 
'I'hey require that the ammonium sulphate contain an average 
of about 20 per cent, nitrogen, and approach a fixed standard ot 
moisture content. Further, it should be free from sodium, and not 
contain more than 1 per cent, of free sulphuric acid. Packing i.s 
usually in bags of 112 to 200 pounds. 

* 

* * 

•SUGARCANE CULTIVATION IN BARBADOS: INCREASED PROFITS 
FROM NEW SEEDLINGS. 

The Barbados Agricultural Society have requested the 
Governor to appoint a (Commission to enquire into the working of 
the local Department of Agriculture to make recommendations fur 
properly equipping it to carry on its work in an tip-to-date mamicr. 

That this was not intended as a reflection on the conduct of the 
department was shown by the fact that the resolution authorizing 
the request was moved by Mr. .John li. Bovell, the Director. 

In the course of his remarks on this occasion Mr. Bovell made 
the striking statement that during the eight year.s 1913-15 to 
1920-22 the growers of sugarcanes in Barbados benefited by the 
work of the Department of Agriculture, in round numbers, to the 
extent of something like ten million dollars and the factory owners 
by an additional sum of ten million dollars as a re.sult of growing 
the better seedling sugarcanes when compared with the White 
Transparent. 
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In support of his contention, Mr. Bovell said that r)n the 
:iveriigc for those eight years the White Transparent yielded 
•20-45 tons of canes per acre, the B.H. 10(1'2), 29-05 tons, 
Ba. 6032, 31'76 tons and the Ba. 11569, 26-84 tons of canes per 
.u re per annnin respectively. That is, these three canes under the 
same conditions for the eight years averaged 29-22 tons of canes 
per acre, while the White Transparent averaged 20-45 tons, an 
increase of 8-77 tons or 42-9 per cent. 

During tlie eight years tiie average price at wiiich dark crystal 
sugar .sold was .84-90 per li)i) Ih. At this price, and at 7 lb. of 
ilavk crystal .sugar per lOO lb. of siigarcanes, the value of a ton 
of canes was 87-68. so that the value of 8-77 tons of canes was 
S 07-35 per nci'c per annum more tlian tlie White Transparent. 

Fromthi.s would have to be deducted tlie extra cost of cutting, 
loading and carting the better canes, say 72c. per acre, leaving a 
net gain of 866'63 per annum, ft was generally estimated at the 
present time that about 35,ttt)0 acres of canes were reaped annually. 
.\ssiuning that of this area only 20,000 acres were under the seedling 
sugarcanes mentioned above, although believed that there were 
move, the value to tlie growers would at §66-6-f per acre be 
81.332,000 per ar.iuini or for the eight years 8lo.(i60,800. 

Proceeding. Mr. Bo\-eU, after dealing with the exjieiience of an 
estate in the dry district.'slrowod how increased expenditure on tlie 
dcpartnient would be jnstilied by results in such lines of work as, 
fill- example, increasing the yielil of sugarcanes per acre by growing 
them from stools containing the average iiuixiiiinm number of 
canes per stool and In' improving the (|uantity and rpiality of 
Cotton produced. 

The resolution, which was seconded by Dr. Gooding, was 
cai'i'ied unaniniouslv. [The HVs< India Committvc Circular 653.J 

* 

* ♦ 

COIMBATORE CANE SEEDLINGS IN ANTIGUA. 

A roRRE.sroNPKXT in .Antigua writes: “The Xortli Indian 
seedling canes — these are doing wonderfully. All of the varieties 
Iii!\-o germinated well and although the canes were only planted in 
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the end of April or early May, they are a long way ahead of maiiv 
plants six months older. Harcourt, the Assistant Director .i[ 
Agriculture, has taken no end of trouble with them. He sunshadcl 
and watered them at first till they started to grow. You will indecfl 
be pleased when you see them. 

* 

* * 

STUDY OF SUGARCANE ROOT-ROT IN JAVA. 

Many reports having come to tlie experiment .station for th' 
■lava sugar industry that root-rot seemed to occur in siigarcaiH' 
fields planted in succession with the same variety of cane rathci 
r[ian in fields where one variety was followed by a different \'arict\. 
an exhaustive investigation was undertaken liy ])r. J. if. Coeiu 
The investigation showed that while there was some ground fortla' 
current opinion, the reason is not tliat one particular variety poisou' 
the soil for itself more than another variety. M hat appears tn 
iiappen i.s that the infection of the soil persists for some time after 
the liarve.st. and the chance of root-rot de])ends on the length nl 
time elapsing between harvesting and replanting. From tin 
data it appears with tolerable clearne.ss that the chance of root-mi 
is greater if the cane planted in succession is a later .ripening varieti’ 
and less if it is an earlier ripening one, beeau.se in the latter case t In 
land remains unoccupied for a longer time. 

For the same reason, a three-year rotation gives less occasua 
for root-rot than a two-year rotation. 

It also appeared from the investigation tinu root-rot is vei' 
rarely met with in the red soils (lateritic) of Java. 

Of the 9,493 bouwes studied, 443, or 4 li7 per cent., wei’e affect ch 
bv the disease ; where the rotation was three-year the jiercentiig’ 
was 3’43 ; where the rotation was two-year it was fO'42. [tacl^ 
About Sugar, XVTI, 10.] 

* ^ 

EUROPEAN BEET CROP, 1923-24. 

Tue latest estimates of the beet .sowings in Kniope aiJ 
production of sugar in .season 1923-24, as compared with the actn d 
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iii'cage arid realized production of the season 1922-23, are as 
lollows 




1922-23 

Xtmesi of cuuutiie.8 

I leetires 

Tons sugar 
raw value 

lloetfjres 

Ton8 of sugar 
raw value 



l.Uln.iKKP 

:w:i,7s(i 

1 . 103,000 

lV.«l|n.SlliVikO 

2i‘),4K() 

S30.<XK> 

1S4,.7(|1 

720,472 



411,00 


24.1.KX) 



1 liU.HNi 

:i<m»2<i 

S2,IX'D 





:vii.s9ii 


i4!>,H4K 


127,4.'/) 

493.(XX) 

ll.tlilicl 


2Tn.fNK» 

.*)7.:.3)i 

2.7.3..792 



2*)' > J N M » 

.■)<). 170 

20X.92S 

It'llv 



S.7.32! 

297.2SI) 




4s.o)r) 

ITbblH.XI 

Di'iiiibirk 

;i2.‘KH> 


23.944 

Ou.lHMf 


rs.T'Ki 

I.VMHNl 

KCTtc. 

71. S' ''J 


2.’ilMHMI 


1 7.7.4 K U 1 

2<Nf.ll4M| 

Othor cituiitries . j 


|MI.4NH> 

.*.9.74-7 

lO^f.fXKI 

i 





— 

i 



l.:^)2.^^0 

4..3’)l.902 

l.'OT.VL IN AC'IKS .. ] 



:5.342.9SI 



The present estimate tltiis shows an increase in proiluction 
of about 258,000 tons in 1923-2-4 as compared with the last 
year. 

ijc :•« 

WORK OF THE IMPERIAL INSTITUTE. 

Wk have recei\'ed the I'ollowing for pulilicalion : - 

The Imperial Institute foi- man\’ years ha.s lieen .steadily 
I'lideavourins: to further the developmem of the resources of the 
I'hnpire, parlicularlv with regard to tin' commercial and industrial 
utilization of raw materials of all hinds. The best known depart- 
luentof the In.stitute is it.s well-ari'aiiged ITxhiliitiou tlalleries, open 
to the public and schools, in which are disjiiayed the |nincipal raw 
products ami manufactures of tin' various [larfs of the Empire, 
u'companied by descriptive labels and illustrated by maps, 
diagrams, photographs and models. This is (he only permanent 
exhibition of the kind in the, Em|)ire. 

Ees,s fatniliiir to most (teonie is the inuiortant work of the 
Scientific and Technical Department, whieh investigates the new or 
dt tie-known raw materials of the Empire, and suggests action for 
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their commercial utilization. The Technical Information Bureau, 
deals with enquirie.s of the mo.st diverse origin and character 
connected with the production, utilization and valuation of raw 
materials. A vast amount of information emanating from tlie 
Institute has been disseminated by means of the Institute s 
Bulletin and other publications, and also through other channel^ 

including the Chambers of Commerce. 

An opportunity of becoming better acquainted witli the 
nature of the Institute’s activities and the many important results 
which have accrued from its work is now afforded in a recent issue 
of the ■■ Bulletin of the Imperial Institute.” This publication is 
devoted to a comprehensive report on the. operations of the 
Imperial Institute carried out by its different Departments and 
various Technical Advisory Committees. 

Further examples of the important work of the Institute 
are contained in the current issue (Xo. 2 of 1923) of the same 

Bulletin. , , i 

A full account is given of the lignite deposits of the bouthern 

Provinces of Nigeria, which were discovered during the Mineral 
Survey carried out under the auspices of the Institute. The deposits 
exist over a considerable area, some being favourably situated for 
transport. A detailed -study of tlie lignite in the laboratories of the 
Institute showed that it was of satisfactory composition and caloritie 
value. It is quite suitable for briquetting, and briquettes used a.s 
fuel in firing trials in railway engines and steamboats in Nigeria 
have proved satisfactory. 

Another article summarizes the investigations conducted at the 
Institute under the Ceylon Rubber Research Hcheme. Particulars 
are given of the results of tests of a large number of specimens, 
prepared in Ceylon by different methods, with a view to ascertaiuiiiSJ 
the mode of preparation best suited to the needs of thi 

manufacturer. . 

Other subjects of interest referred to are Indian worm-sec<i 

as a source of the drug santonin ; a new e,ssential oil obtained frou 
a Western Australian plant ; and the results of practical potter, 
trials with AustraUan clays. There is also an interesting illustrate! 
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article on the trees of the Gold Coast. The value of a number of 
Cold Coast and other Colonial timbers is being investigated 
at the Institute with the advice of a Committee which includes 
representatives of the timber trades and industries of Ejigland. 

♦ 

* * 

INCREASING CONSUMPTION OF NON-AMERICAN COTTON IN 
LANCASHIRE. 

The use of outside growths of cotton in Lancashire and on the 
Continent is developing largely, and what is more astonishing is 
the great demand for dirty cotton. In pa.st years Lancashire 
spinners would not “ look at ” such cottons a.s they are eager to 
obtain now. There has beei\ a great deal of sub.stituting American 
cotton by Egyptian owing to the relative clieapne.s.s of the latter, 
but manufacturers hesitate to do so on iwcoimt of the complaints 
tliat are bound to arise wlien the normal state of affairs returns 
and .American yarns are again used, a.s it i.s then that the customers 
complain of a falling-off in cpiality of the cloth and trouble begins. 

The e.xtent to which outside growths of cotton are being used 
in England is evident from the takings of .American cotton from 
August 1st to Alarch Kith. England took 22,000 bales less than 
in the previous year for the same period, but the total of all kinds 
of cotton taken by Lanca'sbire spinners was 1,828,047 bales against 
1,672,707 in tlie previous year- an increase of 155,280 bales. 
{Internatioml CtAton Biilldin, No. 3, 1923.) 

* 

* ♦ 

COMPULSORY COTTON STANDARDS IN THE U. S. UNDER THE 
NEW COTTON STANDARDS ACT.* 

t.’oTTON clas.sificatioii is of very great importance to the grower 
ni the United States as well as to the spinner. If the uniform 
standard be obtained applicable to grower, merchant, distributor 


*Mr. Charlca J. Bmiid holii recently meotinga with t lie various CVdtou Exchaiijiua in Europe 
‘I'l oolittd at the offices of the Iiitenuititmal Fo^ienAtum. This article is the suiuniary 

Mr. Brand’s argiuucnUi in favour of the univei'stil intnxluctuiii tif the AtuerLc;An Uotton 
[A. S. P.] 
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and spinner alike, econoinv and better understanding eannot fail 
to result. 

In August 1914. the United States Cotton Futiire.s Ait 
autliorized the establishiuent of .standards hv whieh the rpiality oi 
value of eottou might bo judged (|Uoting its grade length of .staple, 
strength of staple eolour. and .such otlier qualities, propertie.s and 
conditions us it might be pnctieable to dotenuiiie .standards for. 
d'he gi'ade standards e.stablished under that hnv were made eom- 
pulsoiy in the Ti'nited Ktate.s in all tran.sactions involving future 
contracts on the grade exchanges. These .stamlards. with one 
.slight change, have now been in use for 9 years. More recentiv 
permissive length standards lane been established, and are being 
found u.seful in the arbitration of disputes. 

Spinners realize as fully as anv manufacturing inteix'.st in the 
world that in every plant the ncees,sity for economy and eflicieiuo 
is a fundamental consideration. They have standardizi'd theii 
machinery, their processes, their manufacturing practices, their 
policie.s of management, and every other conceivahle thing. 
Standardization of product, whetlier yarn, cloth oi’ otherwise, 
plays a large pait in the magniticeMt developmcnl of the cotton 
spinning industry of the past 70 years. 

Standardization of the raw materials for manufacture is ol 
quite a.s great or even greater importance 'as the standardization in 
the successive phases of the industry. High-i-la.ss production can 
onlv be attained when the farmer in America knows whaf 
the spinner wants. Waste and needle.-'S cxpen.se in the field o! 
merchandizing, and in the processe.s of trade are a tax upon the 
well-being of the whole eottou trade, and can la‘ avoided to a largci 
extent than is uonv the case through the adoption and application 
of universal standards. 

Having in imnd the benefits that have alieadv attended s 
general use of uniform standards in the Ameiiean markets, the 
Congress of the Umted States has pas.scd a law that compels all 
transactions of grade in inter-state, and foreign (■ommcrco to be ii 
accordance with the grades ticreafter to be known as the otticaA 
Cotton Standards Act of the United States. 
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A brief discussion of the provisions of this law which was 
icissed on March 2, 1929, will no doubt be of interest to the members 
nf the International Federation of Master (,'otton Spiimers. 


What the new United States cotton standard laiv 

RKQCJRES. 

The law compels every cotton merchant, shipper, buver and 
trader in the United States in every transactioii or shipment in 
inter-state or foreign comincrce, anil in every publication of prices, 
and in quotations of cottiai for .-jhipment in inter-state and forei,S!n 
ronimeire, and in the classitication of all eotton. to n.se the official 
l ottoii standards of the United States, iirovided the quality of the 
(ittoii involved in the transactions is of oi- wit'iin the range of 
till! official cotton staiidai'ds of the I'nited State.s. 

The law provides within these specitic terms that its compnlsorv 
aaitures sliall not become effective until one year tVom the date 
■ 111 which the Secretary of Agi'icnlfnre pioniuliiate.s .standard.^ for 
the jnirpo.ses of flic law. In otiier words the logical and likely 
|ii'ocedure is that at the close of the )>re,sent cotton year or dining 
the month of_ July, the Secretary will announce .standards 
which at the e.vpivation of 12 month.s of the date of this 
aiinoiincenient will becon'ie conijinlsoiA n|)oii all citizens of the 
I'liited States. 

Thereafter, bills of lading, warehon.se eertilicates. shipping 
ihii liiiicnts. in.siiiance contracts, newspaper and private quotations 
il cotton bv grade, invoices and all other documents Wjll be required 
to be .stated in aecordunec witli ollicial eotton standards. 

The Act. further provides in Section 2 that nothing therein 
shall pi'event tran.sactions otherwi.se lawful by actual sample or 
on the basis of a private type which is used in good faith 
and not as a means of evasion ol or snh.stitiition for the official 
Sandards. 

Any person who has the einstiHly ol, or a tinaneial interest in, 
any cotton, may when the Act comes into full force submit the 
«ame or samples thereof, wliieh must be drawn in accordaiico with 
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the regulations and safeguards imposed by the Secretary of Agj i- 
cultnre, to such officer or officers as the Secretary may designaip 
for a true determination of the classification. The final certificate 
of the I’icpartment of Agriculture will be binding on all officers of 
the United States and will be accepted in the courts of the United 
States as prmd facie evidence of the true clas-sitication of the cotton 
itself or of the samples thereof when involved in any transaction 
or shipment in inter-state or foreign commerce. 

The United States Government under the law is authorized to 
prepare copie.s of standards and to sell them at a cost to anv person 
who may ask for the .same. The.se copies are to be certified iindei 
the grade seal of the department, and the attacliment of that .seal 
will include regulations for the inspection, condemnation and 
exchange of standards in order to make certain that copies in use 
are accuj'ate and suitable for commercial purposes. 

Persons who tamper with, alter or cliange copie.s of standards 
excepting those who have the written authority of the United States 
Government to do so, or who use the .standard.s witli intent to 
deceive or defraud, or who counterfeit or .simulate copies of the 
standards, are subject to a fine of .Sl,(X)0 or imprisonment or both. 
The same penalties attach to persons who falsify or fyrge certificates, 
or who knowingly cla.ssify cotton improperl}-, anil person.s who 
knowingly influence, or attempt to influen’ce improperlv the cla.s.si- 
fiers licensed under the Act. 


Conclusion. 

The membership of the International Federation of .Mastei 
Cotton Spinners has an undoubted interest in this whole matter as 
great users of American cotton. If the spinners in Europe, the 
merchants in Manchester and Liverpool, exporters ami inteiioi 
merchants in the United .States, and the farmers of the American 
cotton belt can speak in identical ternus so that each grade name 
will mean the same everywhere, an enormous advantage will be 
gained promoting economy and efficiency from first to last. 
[IfUernalional Cotton Bulletin, No, 3, 1923.j 
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COTTON RESEARCH. 

Through the courtesy of tlic Rritish Cotton Industry Researdi 
Association, the Secretary of tiio Indian Central Cotton Committee 
lias sent the following abstracts for publication 

Control of cotton anthracnose. 

The development of anthracnose can be prevented by 
simultaneously heating and drying cotton seed in the absence of 
oxvsen. In the presence of oxygen the fats and proteins of 
file seed appear to be oxidised so that the embryo is killed. The 
oxvgen can be removed bv evacuation or by introducing nitrogen 
into the drying tubes. After 2ti hours heating of the seed in 
evacuated glass tubes in the presence of calcium chloride at lOO^F. 
all fungi are destroyed and the germinating jiower of the seed is 
increased. [Ch<‘>n. Zcntr.. t9'23, 1, 1098; from Amer. Fertihzer, 
1923, 58* 32-34. 0. F. FiiPSCOMU and C. L. Corley.] 

Cr.EANINC! OF cotton. 

Since dry fottoii cleans Itetter than wet cotton, cqnal cleaning 
can be attained with les.s damaging of the staple by airing and 
artificially drying cotton before feeding it to the openers, and 
subsequently lessening the beater acti('n. The ootton could be 
mixed and stored for some dav.s in a fireproof room provided 
with ventilators and radiators. The cotton must, however, be 
thoroughly conditioned before reaeliing the cards and the adoption 
of the above drying method wo\dd probably cause the use of 
atomisers for spraviiig moisture directly i n to the lap to become 
more general. It is stated that an oil emulsion spraved upon 
cotton will aid materially in tlie canling and also reduce the 
aniouut of Ilv. The iiraetiee of spraying soa]> solution, at present 
restricted to short staple and waste mills, to hold together the 
•-hott fibres in the lap and prevent fly, is capable of development 
ill the ordinary cotton industry. [CoWon, 1923, 87* 659-6C0. 
ii. B. Smith.] 
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CoTTONISINfi HEMP. 

Tlie possibility of iiHgineiitiiig tlie .supply of raw material, or 
replacing part of the raw cotton employed in Germany by cottoniseii 
bast fibre is discussed and shown to be possible from an economic 
point of view if hemp is employed and the cultivation is carricil 
on in co-operation with the cottonising process. Hemp can bo 
cultivated on low-lying moorland of which approximately oni' 
million hectares are available in Germany. The mechanical aial 
chemical proce.sse.s of treating bast fibres, non' employed, furnish a 
product verv similar to cotton and capable of being .spun cn cotton 
spinning machinery. [Z. angeu'. Chnn., 1923, 36, 129-130. I’. 
Waentig.J 


Form.\tion of cell wall. 

As a result of a study of cotton and Tradescantia liains, the 
author develops a theory of cell wall formation, based on the 
deposition of preformed particles of wall substances' by the 
cytoplasm. Actual observations lead to tlie deduction that the 
e 3 ’toplasm rotates in a double .spiral band, adjacent baiid.s movi)ig 
in oppo.site directions ; this accounts for the striations, whicli 
occur along the .stream line.s, and the double li)ies of weakness at 
the junction of the bands. [Jour. Text. Inst., 1923, 14, T, 8.5-113. 
H. J. Uekiiam,] 


Micro,scopy of cotton hair. 

In connection with a study of the morphology of the cotton 
hair, details are given of the methods and reagents used in mounting 
the material. The interpretation of the microscopic images, under 
ordinary and polarised light, is also discussed and directions ari‘ 
given for detecting and obviating various optical falsities. [Jonr. 
Text. Inst., 1923, 14, T. 85-113. H. J. Denham.] 

Morphology of cotton hair, 

A study has been made of the various structures occurring 
in the wall of the cotton hair, and the origin of these structures 
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i« discussed, partly with the aid of analogous material, such as 

Tradescantia liairs. The conclusioMs drawn are as follows: 

(1) Striations occur in all parts of the hair and in all lavers 
of tile wall ; the direction followed is not always the same in 
superimposed layers. (2) Convolutions follow the direction of the 
primary striations. They are caused by a double spiral line of 
wc.ak-ne.ss in the hair, and are of four types ; normal, movable, 
])reformed, ant] 8uppres.sed. (3) Slip plane.s. like those observed 
in strained timber and in bast fibres, occur widely in cotton, and 
also lines of failure due to buckling. Tbey tire primarily due to 
intermil stresses in the boll, and sometimes occur in a .spiral plane 
or in elongated forms known as “ beaded pits.” (4) .Some 
abnormalities in the cotton hair are due to the tendenev of the 
hair to fill up all avaikible boll space, limitations imposed bv the size 
of the boll having a gre;>t influence on hair conformation. 
(a) Xo true pits e.xist in the wall, but areas of .special permeability 
occur in a double spiral pattern. [Jo///-. Text. Imt.. 1923. 14 
T. 8.5-113. H. J. T)exh.\m. | 

^ Stri tti rk of cotton n.CIR. 

Observations have been made on Sake! cotton, grown in a 
green-house, in the course of which three new methods were 
employed, namely, (1) observation in (dlipti(‘ally polarised light, 
(2) preparation of longitudinal sections. (3) development in the 
primary wall of a definite structure and of a substance reacting to 
cellulose stains, by boiling with potassium hvdroxide. The following 
conolii.sion.s are drawn: — (1) Tlie direction of convolutions formed 
ill i.solated hairs i.s entirely determined by tlie spiral reversals of wall 
( nirstruction. (2) Certain chemical relation.sbips are indicated bv 
the following facts:— («) the wall does not fall into convolutions 
following mere plasmoly.sis, but does so on drying ; (6) this loss of 
constructional water is irreversible ; (c) the structural relationships 
to polarised light are but little affected by strong alkalis, but are 
readily abolished by acids. (3) Two cases of mirror image .structure 
appear to exist in tlie hair wall though these do not necessarily 
huply stereo-isomerism. In both cases the surface of reversal is 
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at a normal to the current direction of growth : (a) the secondary 
wall visible structure is shown to form mirror images on either side 
of a reversal point ; (h) the primary wall structure is conjectured 
to consist of two concentric cylindrical layers (probably 
molecular) whose structures are mirror images. At reversal points 
these layers are presimied to change places. (4) The structure.s 
fonnerly termed “ slow spirals ” are designated “ slip spirals ” : (a) 
the slip spirals are now shown to be invariably opposed to the pit 
spirals, thus resembling cleavage planes ; (b) tlie single slip spiral 
of the cotton secondary wall is considered equivalent to the twinned 
slip spirals of wood cells, and it exists as a twin in the primary wall, 
(5) The number of structure reversals in the wall of one hair cell 
fluctuates round a mode in the neighbourhood of 30, indicating 
that a tendency to the formation of one complete reversal daily 
during growth in length is still a possible view ; (a) the full number 
is present as soon as secondary tiiickening begins ; (b) no nrean.s for 
demonstrating the presumed reversals in the primary wall have 
yet been devised. (6) Two helical spirals have been found ; — (a) 
one is seen in both primary and .secondary wall (slip spiral) at 70°; 
it is twinned right- and left-handed in the former only ; (b) the 
other in the secondary wall, called the pit spiral, appears to have a 
constructional angle of 29°, subisequently reduced bv torsion during 
growth in thickness. (7) The tangents 6f these angles happen 
to stand almost exactly in the ratio of 4:1 wliich suggests 
polymerisation, as does also the change in number of extinction 
positions. (8) Some tentative speculations as to its ultimate 
structure are made in terms of a space-lattice hypothesis. [Proc. 
Roy. Soc., 1923, 95B, 72-89. W. L. Balls.] ' 

Structure of cotton ilur wall. 

The spiro-fibrillar .structure of the cotton cell-wall suggest.s 
that the wall is a sponge-like structure with (in the dry state) 
free air spaces therein. The specific gravity of cotton cellulose 
cell-walls, in their natural condition, is about 0-90 to MO. 
[Proc. Roy. Soc., 1923, 95B, 72. W. h. Balls.] 
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Mathematical control of field plots. 

The author discusses the probable error concept in the 
interpretation of field experiments and emphasizes its importance. 
Tlie formulse in general use for the calculation of probable errors 
are explained and a new method, as well as a different way of using 
Bessel’s and Peter’s methods, is sugge.sted. [Jour. Amer. Soc. 
Agroiiomy , 1923, 15, 217-224. H. H. Love.] 

Discussing some limitations in the application of the method 
of least squares to field experiments the author issues a warning 
against a too strict insistence on the application of the probable 
error and other constants. [Jovr. Amer. Soc. Ayrononnj, 1923, 15, 
•225-239. S. C. Salmon.] 



PERSONAL NOTES, APPOINTMENTS AND TRANSFERS, 
MEETINGS AND CONFERENCES, ETC. 


In' the retirement of Rao Bahadur K. Ranu.achari, M.A., 
L.T., I.A.8., on 3rd September, 1923, the Madras Department nf 
Agriculture has lost a Botanist of distinction. 

O 

After a brilliant educational career, Mr. Jtangachari joined tin: 
Madras Museum where he made valuable additioms to the specimens 
and improved their arrangement. The best part of his activitie.N 
however, began on his appointment as Lecturing Botanist at tlic 
newly opened Coimbatore Agricultural College. The facilithw 
afforded by the well-equipped laboratories at the college brought 
out the best in him and helped him in producing the first Text Book- 
on Botany for Indian students. It bears testimony to his wide 
knowledge and indefatigable industry and is being u.sed as a Text 
Book in various arts and professirmal colleges. Last year he made 
anotlier addition to the meagre literature on Indian botajiy by 
publishing .V Handlmok of Home South Iiulian Ctrasses.” 

In recognition of his valuable work Mr. Rangachari was created 
a Rao Bahadur in 1913 and elected to preside over tlie Botanical 
Section of the Indian Science Congress in 1917. He acted a> 
President of the Indian Botanical Society in 1922. 

* 

* * 

Ux return from leave, Mr. S. Miluuan, M.A., B.Su,, resumed 
the duties of Agricultural Adviser to the Government of India 
and Director, Agricultural Re, search Institute, Pusa, on 2iid 
November, 1923. 

The services of Mr. .M. J. Breut, M.R.C.V.S., Imperial 
Bacteriological Laboratory, -Muktesar, have been placed at the 
disposal of the Govermueut of the Punjab. 
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Mr. K. McLean, B.Sc., Offg. Fibre Expert to the Government 
of Bengal, has been granted leave for live weeks from l.st 
December, 1923, Mr. N. C. Bose officiating. 

Colonel A. .S.mitii, F.B.C.V.iS., Principal, Veterinary College, 
lieiigal, has been pcrinittcd to retire from 25th December, 1923. 

* 

* * 

Mr. M. II. SowERUY, JI.H.C'.l’.S., Olfg. Principal, Bombay 
\elerinary College, has been granted, from 1st Augu.st, 1924, 
combined leave for 15 months with permission to prefix the college 
vacation. 

*** 

.Mr. G. Clarke, F.I.C., F.C.S., has been appointed to otticiate 
as Director of Agriculture, United Provinces, cicc Dv. H. M. Leake 
oil deputation to tlie iSoudan. 

♦ ** 

The services of Dr. II. E. .Annett, Opium liesearcli Cheini.st, 
United Provinces, have been replaced at the disposal of the 
tiovevmnent of India witli elTect fioin the e.xpiry of leave granted 
to him. 

* 

¥ ♦ 

.Mr. I’. K. Dev, .M.Sc.. Plant Pathologist to Government, 
United Proviiues, has Ireen granted leave for three months from 
I2th Xovember, 1923, .Mr. S. 1). .loshi olliciatiiig. 

Lal.v 11. N. Batha.m, M.A., has been a])poiiiterl to officiate 
.IS Agricultural Chemist to Government. United Provinces, 

Mr. G. Clarke on other duty. 

♦ 

* * 

Baru Sirish Chandra B.aneiwi has been ajipointed to officiate 
as .Assistant Agricultural Chemist, Unitcrl Provinces, I'ice Lala H. N. 
Bathani on other duty. 
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Khan Saheb Mahomad Naib Hussain has been appointed t.i 
oificiate as Deputy Director of Agriculture, Rohilkhand Circle, 
United Provinces. 

* 

He H: 

On return from leave Colonel G. K. Walker, C.I.E., 
F.R.C.V.S., resumed charge of his duties as Priticipal of the Punjali 
Veterinary College, Lahore, on 1st October, 1923. 

* 

* * 

On return from leave Caitain E. Sewell, .M.C., .M.U.C.V.S., 
resumetl charge of his duties as Professor of Hygiene in the Punjab 
Veterinary College, Lahore, on 1st October, 1923. 

* 

* * 

Mr. J. W. Grant, M..A.., B.8c., Deputy Director of Agriculture. 
Burma, has been posted to the charge of the 'I'cmisserim (hrcle with 
headquarters at Mouhnein from Lst December, 1923. 

*** 

Mr. r. 1). Stock, B.Sc., D.l.C., .V.R.C.S., Deputy Director of 
.Agriculture, Myingyau Circle, Burma, has been nominated to bo a 
member of the Indian Central Cotton Committee, Bombay, vicr 
.Mr. L. Lord. 

On reversion from the appointment of Agiicultural .Adviser to 
the Government of India and Director, .Agricultural Rc.searcli 
Institute, Pusa, Dr. D. Clouston. f.M.E., ha-s been reappointed 
Director of .Agriculture, Central Provinces. 

* 

* ♦ 

On relief by Dr. D. Clouston, .Mr. K. J. Ply.men, A.C.G.L, ha.s 
reverted to his substantive appointment of .Agricultural Chemist. 
Central Province.s. 

♦ * 

Rai Bahadur Kanak Lal Barua, B.L., ha.s bean appointed 
Director of Agriculture, As.sam, in addition to his own dutie.s as 
Director of Industries and Registrar, Co-operative Credit Societies, 
from 11th October, 1923. 



Insecticides and Fungicides ; Spraying and Dusting Equipment. A 

Laboratory Manual with Supplementary Text Material. Bv 0. Cl. 

AndersoN; Professor of llortieulture, Purdue Uiiiversit}’'. 

and Jf. (J. Roth, liislitule in llortieulture, Purdue Ujiiversity. 

Pp. xvi -|- 350 7 1 figs. (New York : John Wiley 6c Sons, Inc. ; 

London : Cliapnian and Hall.) krice, 15s. net. 

This book is an excellent manual of the preparation and 
application of the various solutions and machines used to protect 
plants against pests and diseases, a subject on whicfi a concise and 
luoderii compendium will prove very welcome to plant pathologists. 

The first half of the book is written in the form of a series of 
lahoratoiy exercises. Each e.xerci.se contains directions for the 
preparation and use of an msectiiide or fungicide followed by a 
few questions to test the student's knowledge. The sources from 
which the infoniiation necessary to answer the questions may be 
best obtained are sometimes indicated by references to current 
literature, by no means' the least valuable feature of this work. 
•Some fifty e.xercises in the hirst half of the book are taken up in 
this inauner and the remaining 25 deal chiefly witli fumigation, 
dusting and the various tj'pes of spraying machinery. This section 
of the book should prove of utility both to those engaged in 
iiistructioual work in colleges and technical institutes and to growers 
and others engaged in practical and commercial phases of the 
horticultural industry. The authors have wisely eschewed the 
complex chemistry of the various spraying solutions, and the 
practical man will not find himself bewildered by formulse and 
scientific information which he cannot with advantage assimilate. 

The second half of the book contains chapters on the control 
ol insect and fungal diseases and on modern types of spraying and 
dusting machinery. 
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The chapter on fungal diseases has been contributed b}- 
Dr. Max W. Gardner. This author groups the method of control of 
plant diseases under five lieadings: (I) Exclusion, (2) Extermination. 
(3) Inhibition, (4) Protection, (5) Disea.se Resistance. 

Exclusion is carried out in most civilized countries by regula- 
tions which prohibit and restrict tlie importation of living plants 
from foreign countrie.s. The author points out how chestnut blight 
and white pine blister rust entered the United States with foreign 
stock and how the potato warty disease entered with, imported seed 
tubers. In this country many will be familiar with the regulations 
designed to prevent the introduction of the latter disea.se into India. 

As examples of the control of fungal diseases by the total 
extermination of the parasite the author rpiotes the citrus canker 
campaign in Florida, soil disinfection, the control of smut disea.se.s 
by seed steeping and the control of powdery mildews on goo.seberr\- 
and roses, and of peach leaf curl by .spraying. Exco])t in tlie case 
of tlie steam sterilization of the soil of small seed beds it appeal's 
doubtful to the reviewer whether absolute extermination of a 
parasite can ever be secured, although quite satisfactory control of 
a disease may be obtained. Thus in India complete control of jieacli 
leaf curl in the Xorth-W'est I'hontier Province is obtained on those 
orchards which have adopted dormant spraying with lime sulphur. 

The control of fungal diseases by inhibition implie.s the adoption 
of some agricultural practice which acts adversely to the success 
of the parasite without appreciably affecting the host. Thus, in 
addition to the ordinary sanitary precautions which fall under thi.' 
head, heteroeciou.s parasites may be controlled by the eradication 
of the alternative host, e.g., stem rust of wheat and apple rust. 
In India, however, the wheat rust problem could scarcely be solved 
on these lines. Alterations in the soil reaction by special maniuing 
may also give control of a parasite. Liming the soil against cabbage 
club root and the application of sulphur against potato .scab arc 
well known, and, in India, manuring with potash has been found 
to lessen the incidence of stem rot in jute. 

By protection is meant the application of a poisonous substaiu c 
to the exterior of the plant before it has become infected. This 
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is usually carried out by spraying or dusting with a fungicide. In 
I udia the crops which arc sprayed are chiefly tea, fruit orchard, s, and 
other valuable crops, such as areca-nuts. Dusting !ia.s not yet been 
carried out on an appreciable scale in this country and indeed the 
relative merit of dusting and spraying is yet a debated que.stioii. 

'rhe control of a disease by t!ie introduction of a variety of tlu; 
liost which is immune to the atta<;k of the parasite is familiar to all 
agriculturists— the wheat crop perhaps furnishing the best example. 

The chapter on the control of plant disea.ses is followed by 
several others devoted to a description of modern spraying ami 
(lusting mm:hinery. ;Vs the authors truly remark, “ if a spiayimt 
machine built ten years ago could be exhibited and compared with 
the latest model by an e.xjiert, the improvements and clianges 
would be even more numerous and imprc.ssiv<'. than a similar 
comparison of automobiles.’' This part of the book is of great, 
interest both for the number and types of the mo.st modern machine.s 
described and illustrated and iis a revelation to workers in other 
countries of the extent to which high, powered .spraying is practi.sed 
in the United States of America. The machines described and 
tigiired range from a Hand Atomizer to a o-ton motor truck working 
at a pressure of lb. The book coin.'ludcs with two useful 

chaptera on dusting and the operation of the gas engine. 

In a subject which is developing and cliaiigiug as rapidly as 
plant pathology it is impossible for any work to remain for long 
the last word on fungicides and spraying. The authors, however, 
are to be congratulated in that, at the present moiucLt, they have 
succeeded in collecting and arranging in an accessible form 
the vast mass of information scattered througli the scieiititic 
and technical journals of plant pathology, agriculture and 
horticulture. [F. J. F. S.] 

* 

* ♦ 

Manual of Dairy Farming.— By B. K. Gii.\uk, t'olloge of .Vgriculturo. 

Cawnpore. 

Mr. Ghare lias shown considerable care and .some knowledge 
"f Indian (conditions in compiling this work wliicli deals hriellv 
with soils, manures, cultivation ; housing, feeding and management 
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of cattle ; milk production, dairy products, tests for dairy products 
and the principles of cattle breeding. The arrangement of the 
book would be improved if Part IV — Cattle Breeding— followed or 
preceded Part II — Cattle Management. The book is largely a 
compilation of what has been written by various writers concerning 
European, American, and Indian dairying, and does not attempt 
to set forth results of original work in the direction of dairy research 
done by the writer in India, but all the same the writer shows a 
genuine appreciation of dairy conditions in India and the book is 
certainly a valuable addition to the scanty literature available 
concerning the dairy industry in this country. 

The general principles applicable to Indian dairying laid down 
in the book are sound, and well and clearly stated, but the figures 
given as to the average yields, periods of lactation, etc., of Indian 
breeds of dairy cattle cannot be accepted as correct. They evidently 
refer to those of specially selected animals or herds, and it is a 
practical impossibility to-day to go into the market and purchase 
any reasonable number of either Gir, Mewati or Jlontgomery cows 
which would give the yields of milk per lactation (juoted by 
Mr. Gharc, and it would be a very difficult matter and take a very 
long time to obtain in commercial quantities either Sindi ccavs, 
Delhi, Jafferabadi or Surti buffaloes wdiich would come up to the 
standard of milk yield given in this book: 

The description of various Indian dairy breeds given, although 
brief, is concise and correct, and, taken on the whole, tlie book can 
be recommended as a suitable text-book for agricultural students, 
and for all interested in the dairy industry in India. [W. S.J 
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The following piiblieation.s have been issued by the Imperial 
Department of Agrienlt\ire in India .sinec onr last issue : — 

Bulletins. 

1 The Improvement of Fodder and Forage in India (Papers read 

before a .Toint Meeting of the Seetions of Agrieultnre and 
Botanv, Indian Seienee Congress, Lucknow, 1923), edited 
by Gabrielle L. C. Howard, il.A. (Pusa Bulletin 150.) 
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